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BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
INDERAL® LA brand of propranolol hydrochloride (Long Acting Capsules) 


DESCRIPTION. INDERAL LA is formulated to provide a sustained release of propranolol 
hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 


CLINICAL PHARMACOLOGY. INDERAL is a nonselective, beta-adrenergic receptor-blocking 
agent possessing no other autonomic nervous system activity. It specifically competes with 
beta-adrenergic receptor-stimulating agents for available receptor sites. When access to beta- 
receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vasodilator responses to 
beta-adrenergic stimulation are decreased proportionately. 

INDERAL LA Capsules (60, 80,120, and 160 mg) release propranolol HCI at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours, 
and the apparent plasma half-life is about 10 hours. When measured at steady state over a 24- 
hour period the areas under the propranolol plasma concentration-time curve (AUCs) for the 
capsules are approximately 60% to 65% of the AUCs for a comparable divided daily dose of 
INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 


_ Propranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 


hour period, blood levels are fairly constant for about twelve (12) hours, then decline 
exponentially. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
Propranolol and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
Propranolol, a possible need for retitration upwards should be considered, especially to 
maintain effectiveness at the end of the dosing interval. In most clinical settings, however, 
such as hypertension or angina where there is little correlation between plasma levels and 
Clinical effect, INDERAL LA has been therapeutically equivalent to the same mg dose of 
conventional INDERAL as assessed by 24-hour effects on blood Pressure and on 24-hour 
exercise responses of heart rate, systolic pressure, and rate pressure product. INDERAL LA 
can provide effective beta blockade for a 24-hour period. 


INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the management of 
hypertension; it may be used alone or used in combination with other antihypertensive agents, 
Particularly a thiazide diuretic. INDERAL LA is not indicated in the management of hypertensive 
emergencies. 

Angina Pectoris Due to Coronary Atherosclerosis: INDERAL 
term management of patients with angina pectoris. 

Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache. The 
efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use. 

Hypertrophic Subaortic Stenosis: INDERAL LA is useful in the management of hypertrophic 
subaortic stenosis, especially for treatment of exertional or other stress-induced angina,, 
Palpitations, and syncope. INDERAL LA also improves exercise performance. The effectiveness 
of propranolol hydrochloride in this disease appears to be due to a reduction of the elevated 
outflow pressure gradient, which is exacerbated by beta-receptor stimulation. Clinical 
improvement may be temporary. 


CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
bradycardia and greater than first-degree block; 3) bronchial asthma: 4) congestive heart failure 
(see WARNINGS), unless the failure is secondary to a tachyarrhythmia treatable with INDERAL. 


WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component 
Supporting circulatory function in patients with congestive heart failure, and its inhibition by beta 
blockade may precipitate more severe failure. Although beta blockers should be avoided in 
overt congestive heart failure, if necessary, they can be used with close follow-up in patients 
with a history of failure who are well compensated and are receiving digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of digitalis on heart muscle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response observed 
Closely, or INDERAL should be discontinued (gradually, if possible). 


LA is indicated for the long- 















IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advisable 
to reinstitute INDERAL therapy and take other measures appropriate for the management 
of unstable angina pectoris. Since coronary artery disease may be unrecognized, it may 
be prudent to follow the above advice in Patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications. 





Nonallergic Bronchospasm (eg, chronic bronchitis, emphysema)—PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS. 
INDERAL should be administered with caution since it may block bronchodilation produced by 
endogenous and exogenous catecholamine stimulation of beta receptors. 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its 
effects can be reversed by administration of such agents, eg, dobutamine or isoproterenol. 
However, such patients may be subject to protracted severe hypotension. Difficulty in starting 
and maintaining the heartbeat has also been reported with beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and sweating may not be significantly 
affected. Following insulin-induced hypoglycemia, propranolol may cause a delay in the 
recovery of blood glucose to normal levels. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 


Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms « 
hyperthyroidism, including thyroid storm. Propranolol may change thyroid-function test: 
increasing T4 and reverse T}, and decreasing T3. Sa 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have beeri 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol. 


PRECAUTIONS. GENERAL: Propranolol should be used with caution in patients with impaired — 
hepatic or renal function. INDERAL is not indicated for the treatment of hypertensive — 
emergencies. 

Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should be . 
told that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead toa 
return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart. 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 4, 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reserpine © 
should be closely observed if INDERAL (propranolol HCl) is administered. The added = 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic — 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, 
or orthostatic hypotension. £ 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous verapamil, for both agents may depress 
myocardial contractility or atrioventricular conduction. On rare occasions, the concomitant 
intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure or recent myocardial 
infarction. 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. F 
Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. . 
Chlorpromazine, when used concomitantly with propranolol, results in increased plasma levels 
of both drugs. A 
Antipyrine and lidocaine have reduced clearance when used concomitantly with propranolol. 
Thyroxine may result in a lower than expected T3 concentration when used concomitantly with 


AATE 


propranolol. 
Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels. K: 


Theophylline clearance is reduced when used concomitantly with propranolol. 
CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18-month_ 
studies, in both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of 
significant drug-induced toxicity. There were no drug-related tumorigenic effects at any of the 
dosage levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 
PREGNANCY: Pregnancy Category C: INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 
There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 
NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is administered to a nursing woman. a 
PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild 
required the withdrawal of therapy. 

Cardiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypotension; 
paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the Raynaud 
type. ; 

Central Nervous System: Light-headedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; an acute reversible syndrome characterized by 
disorientation for time and place, short-term memory loss, emotional lability, slightly clouded 
sensorium, and decreased performance on neuropsychometrics. For immediate formulations, 
fatigue, lethargy, and vivid dreams appear dose related. 

Gastrointestinal: Nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: Pharyngitis and agranulocytosis, erythematous rash, fever combined with aching and 
sore throat, laryngospasm, and respiratory distress. 

Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Auto-immune: In extremely rare instances, systemic lupus erythematosus has been reported. 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving the 
skin, serous membranes, and conjunctivae reported for a beta blocker (practolol) have not been 
associated with propranolol. 


DOSAGE AND ADMINISTRATION: |NDERAL LA provides propranolol hydrochloride in 
sustained-release capsule for administration once daily. If patients are switched from INDER; © 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapet 
effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration m 
be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION-Dosage must be individualized. The usual initial dosage is 80 mg INDER. 
LA once daily, whether used alone or added to a diuretic. The dosage may be increased to 12 
mg once daily or higher until adequate blood pressure control is achieved. The us 
maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 mg mé 
be required. The time needed for full hypertensive response to a given dosage is variable ar 
may range from a few days to several weeks. 

ANGINA PECTORIS—Dosage must be individualized. Starting with 80 mg INDERAL LA onc 
daily, dosage should be gradually increased at three- to seven-day intervals until optim 
response is obtained. Although individual patients may respond at any dosage level, th 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value ar 
safety of dosage exceeding 320 mg per day have not been established, 

If treatment is to be discontinued, reduce dosage gradually over a period of a few weeks (se 
WARNINGS). 


and transient and have rarely 














mg INDERAL LA once daily. 
PEDIATRIC DOSAGE-At this time the data on the use of the drug in this age group are t 


limited to permit adequate directions for use. 
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THE CASE: Four years after a radical m 


A CASE FOR Magnevist 


(gadopentetate 


adimeglumine 4801 mg/mL) 


INJECTION 


astectomy and chemotherapy treatment 


for breast carcinoma, a 63-year-old female presented with deep vein thrombosis. 


Metastatic spread to the brain had to be 


could be initiated. 





ruled out before anticoagulation therapy 


CT DID NOT SHOW IT CLEARLY ENOUGH 


Figure 4. Contrast CT scan shows 

a circumscribed lesion in left 
parasagittal region (arrow), consistent 
with either metastasis or meningioma 


Figure 2. Contrast CT scan through 
posterior fossa suggests punctate 
area of contrast uptake in the vermis 
(arrow) 





MRI ALONE WAS NOT DIAGNOSTIC 


Figure 3. T2-weighted (TR 2000/TE 80) 
image shows area of high signal 
intensity in right frontoparietal 
region (arrow). Differential 
considerations include metastasis, 
small infarct, and demyelination 
The lesion in left parasagittal region, 
seen in Figure 1, is not visualized 


Figure 4. T2-weighted (TR 2000/TE 80) 
image through posterior fossa shows 
no abnormalities 





MAGNEVIST? NJECION: A CRITICAL STEP 


IN DETECTING BRAIN METASTASES 


Figure 5. T1-weighted (TR 600/TE 30) 
image after MAGNEVIST® injection 
shows an enhancing lesion in left 
parasagittal region (arrow), as 

in Figure 1. The high-signal intensity 
lesion seen in Figure 3 does not 
enhance. This finding is consistent 
with chronic small-vessel ischemic 
disease, not with metastatic disease 


Figure 6. T1-weighted (TR 600/TE 30) 
enhanced image taken through 
posterior fossa shows weil-delineated 
lesion in the inferior aspect of the 
vermis (arrow). Lesion was not clearly 
appreciated on unenhanced MRI 
or contrast CT studies 

© 1990, Berlex Laboratories. Inc 

All rights reserved 








C INCREASES DETECTION 
OF INTRACRANIAL LESIONS 


May detect additional and often smaller 
lesions than seen with either contrast- 
enhanced CT or unenhanced T2-weighted 
images‘? 


C DETECTION OF ADDITIONAL 
LESIONS MAY ALTER THERAPY 


MAGNEVIST” injection can increase the 
radiologic suspicion of metastatic disease, 
reveal locations more favorable for 
biopsy, prompt the search for a primary 
tumor, and modify therapeutic objectives 
and methods’ 


Magnevist 


(Qadopentetate 
dimeglumine 4201 mg/mL) 


INJECTION 


BERLE. 


xX 
BETTER MEDICINE THROUGH BETTER IMAGES M. 
IMAGING 


Please see brief summary of prescribing information for MAGNEVIST® injection 
on last page of this advertisement. 





ERE 


Well tolerated? in clinical trials, the most common adverse reactions reported were headache (8.7%) 


and injection-site coldness/localized coldness (4.8%). The majority of headaches were transient and of mild 
to moderate severity. In clinical trials, 145% to 30% of patients experienced an asymptomatic transient rise in 
serum iron; hypotension occurred in less than 1% of the patients. The safety of MAGNEVIST? injection in patients 


with hemolytic disorders has not been studied. 


REFERENCES: 1. Hinshaw DB Jr, Hasso AN. Gd-DTPA enhances MRI of central nervous system. Diagnostic Imaging. 1989:41:90-99. 2. Price AC. Runge VM, Nelson KL. CNS— 
neoplastic disease. In: Runge VM, ed. Enhanced Magnetic Resonance Imaging. St. Louis: CV Mosby Company; 1989:139-477. 3. Healy ME, Hesselink JR, Press GA, Middleton MS. 
Increased detection of intracranial metastases with intravenous Gd-DIPA. Radiology. 1987;165:619-624. 4. Data on file, Berlex Laboratories, Inc. 


BRIEF SUMMARY 


INDICATIONS AND USAGE 


MAGNEVIST® Injection is indicated for use with magnetic resonance imaging (MRI) in adults 
and children (2 years of age and older) to provide contrast enhancement in those intra- 
cranial lesions with abnormal vascularify or those thought to cause an abnormality in the 
blood-brain barrier. MAGNEVIST® Injection has been shown to facilitate visualization of 
intracranial lesions including but not limited to tumors. 


MAGNEVIST® Injection is also indicated for use with MRI in adults and children (2 years of 
age and older) to provide contrast enhancement and facilitate visualization of lesions in 
the spine and associated tissues. There is, however, only limited clinical experience in 
children for this indication. 


CONTRAINDICATIONS 
None known. 


WARNINGS 


The accepted safety considerations and procedures that are required for magnetic 
resonance imaging are applicable when MAGNEVIST® Injection is used for contrast 
enhancement. In addition, deoxygenated sickle erythrocytes have been shown in in vitro 
studies fo align perpendicular to a magnetic field which may result in vaso-occlusive 
complications in vivo. The enhancement of Magnetic moment by gacoponietate dimeglu- 
mine may possibly potentiate sickle erythrocyte alignment. MAGNEVIST® Injection in 
Patients with sickle cell anemia and other hemoglobinopathies has not been studied. 

Patients with other hemolytic anemias have not been adequately evaluated following 
administration of MAGNEVIST® Injection to exclude the possibility of increased hemolysis. 
Hypotension may occur in some patients after injection of 
MAGNEVIST® Injection. in clinical trials two cases were reported 
and in addition, there was one case of a vasovogal reaction and 
two cases of pallor with dizziness, sweating and nausea in one 
and substernal pain and flushing in the other. These were reported 
within 25 to 85 minutes after injection except for the vasovagal 
reaction which was described as mild by the patient and occurred 
after 6-1/2 hours. In a study in normal volunteers one subject 
napenenced syncope after arising from a sitting position two hours 
after administration of the drug. Although fhe relationship of 
gadopentetate dimeglumine to these events is uncertain, patients 
should be observed for several hours after drug administration. 


PRECAUTIONS - General 

Diagnostic procedures that involve the use of contrast agents should be carried out under 
direction of a physician with the prerequisite training and a thorough knowledge of the 
procedure to be performed. 

In a patient with a history of grand mal seizures, MAGNEVIST® Injection was reported to 
induce such a seizure. 


Since a oponetate dimeglumine is cleared from the body by lomerular filtration, caution 
should be exercised in patients with severely impaired renal function. 


Animal studies suggest that gadopentetate dimeglumine may alter red cell membrane 
rey, resulting in a slight degree of extravascular (splenic) hemolysis. In clinical 
trials 15-30% of the patients experienced an asymptomatic transient rise in serum iron. 
Serum bilirubin levels were slightly elevated in approximately 3.4% of patients. Levels 
generally returned to baseline within 24 to 48 hours. Hematocrit and red blood cell count 
were unaffected and liver enzymes were not elevated in these patients. While the effects 
of gadopentetate dimeglumine on serum iron and bilirubin have not been associated with 
Clinical manifestations, the effect of the drug in patients with hepatic disease is not known 
and caution is therefore advised. 


When MAGNEVIST® Injection is to be injected using plastic disposable syringes, the contrast 
medium should be drawn into the syringe and used immediately. 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 

Repeat Procedures: If in the clinical judgment of the physician sequential or repeat ex- 
aminations are required, a suitable interval of time between administrations should be 
observed to allow for normal clearance of the drug from the body. 


Information for Patients: 


- Patients receiving MAGNEVIST® Injection should be instructed to: 


1. Inform your physician if you are pregnant or breast feeding. 
2.Inform your physician if you have anemia or any diseases that affect red blood cells. 


LABORATORY TEST FINDINGS 


Transitory changes in serum iron and bilirubin levels have been reported in patients with 
normal and abnormal liver function (See PRECAUTIONS - General). 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


No animal studies have been performed to evaluate the carcinogenic potential of 
gadopentetate dimeglumine. 


Gadopentetate dimeglumine did not evoke any evidence of mutagenic potential in the 
Ames test (histidine-dependent Salmonella typhimurium) nor in a reverse mutation assay 
using tryptophan-dependent Escherichia coli. Gadopentetate dimeglumine did not induce 
a positive response in the (C3H AAs mouse embryo fibroblast cellular transformation 
assay, nor did it induce unscheduled DNA repair synthesis in primary cultures of rat 
hepatocytes at concentrations up to 5000 ug/mL. However, the drug did show some 
evidence of mutagenic potential in vivo in the mouse dominant lethal assay at doses of 6 
mmol/kg, but did not show any such potential in the mouse and dog micronucleus tests 
at intravenous doses of 9 mmol/kg and 2.5 mmol/kg, respectively. 


The results of a reproductive study in rats showed that gadopentetate dimeglumine when 
administered in daily doses of 0.1-2.5 mmol/kg, did not cause a significant change in the 
pregnancy rate in comparison to a control group. However, suppression of body wel ight gain 
and food consumption and a decrease in the mean weights of testis and epididymis 
Occurred in male rats at the 2.5 mmol/kg dose. In female rats a decrease in the number 
of corpora lutea at the O1 igi, does and the suppression of body weight gain and 
food consumption at the 2.5 mmol/kg dose were observed. 

In a separate experiment, 16 daily intravenous injections were administered to male rats. 
At a dose of 5 mmol/kg of gadopentetate dimegiumine, ne cell atrophy was 
observed. This apr ons was not reversed within a 16-day observation period following the 
discontinuation of the drug. This effect was not observed at a dose of 2.5 mmol/kg. 
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(gadopentetate 
dimeglumine 4901 mg/mL) 


PREGNANCY CATEGORY C. 

Gadopentetate dimeglumine has been shown to retard development slightly in rats when 
guon in doses 2.5 times the human dose, and in rabbits when given in doses of 7.5 and 
2.5 times the human dose. The drug did not exhibit this effect in rabbits when given in 
doses 2.5 times the human dose. No congenital anomalies were noted in either species. 
There are no adequate and well-controlled studies in pregnant women. MAGNEVIST® 
Injection should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 

NURSING MOTHERS 

C14 labelled pier ey! dimeglumine was administered intravenously to lactating rats 
at a dose of 0.5 mmol/kg. Less than 0.2% of the total dose was transferred to the neonate 
via the milk during the 24-hour evaluation period. It is not known to what extent MAGNEVIST® 
Injection is excreted in human milk. Because many drugs are excreted in human milk, 
Caution should be exercised when the drug is administered to a nursing mother and 
consideration should be given to temporarily discontinuing nursing. 


PEDIATRIC USE 
Safety and efficacy in children under the age of 2 yann have not been established. 
(See Indications and Usage and Dosage and Administration sections). 


ADVERSE REACTIONS 

The most commonly noted adverse experience is headache with an incidence of 8.7%. The 
paar of headaches are transient and of mild to moderate ge In 42.3% of the cases 
it was felt that the headaches were not related to MAGNEVIST® injection. Injection site 
coldness/localized coldness is the second most common adverse experience at 4.8%. 
Nausea occurs in 3.2% of the patients. 

Localized pain, vomiting, paresthesia, dizziness and localized 

warmth occur in less than 2% of the patients. 

s © The Prownoraannienal adverse events occur in less than 1% 
ist of the patients: 

Body as a Whole: Injection site symptoms, namely, pain, warmth, 
burning; localized burning sensation, substernal chest pain, fever, 
weakness, generalized coldness, localized edema, tiredness, 
chest tightness, regional lymphangitis. 

Cardiovascular: Hypotension, vasodilation, pallor, non-specific 
ECG changes, angina pectoris; phlebitis. 

Digestive: Gastrointestinal distress, stomach pain, teeth pain, 
increased solivation. 

Nervous System: Agitation, thirst, convulsions (including grand mal). 
Respiiatory System: Throat irritation, rhinorrhea, sneezing, dyspnea, wheezing, laryngismus, 
cough. 

Skin: Rash, sweating, pruritus, urticaria (hives). 

Special Senses: Tinnitus, conjunctivitis, visual field defect, taste abnormality, dry mouth, 
lacrimation disorder (tearing), eye irritation. 

Laboratory: Transient elevation of serum transaminases. 

The following other adverse events were reported. A causal relationship has neither been 
established nor refuted. 

Body as a Whole: Back pain, pain, generalized warmth. 

Cardiovascular: Hypertension, tachycardia, migraine, syncope. 

Digestive: Constipation, diarrhea. 

Nervous System: Anxiety, anorexia, nystagmus, drowsiness, diplopia, stupor. 

Skin: Facial edema, erythema multiforme, epidermal necrolysis. 

Special Senses: Eye pain, ear pain. 

Data from foreign studies did not reveal any additional adverse experiences. 


OVERDOSAGE 


The LDso of intravenously administered gadopentetate dimeglumine injection in mice is 
542.5 mmol/kg and in rats it is 10-15 mmol g The LDso of intravenously administered 
MAGNEVIST® Injection in dogs is greater than 6 mmol/kg. 


Clinical consequences of overdose with MAGNEVIST® Injection have not been reported. 


DOSAGE AND ADMINISTRATION 

The recommended dosage of MAGNEVIST® Spy is 0.2 mL/kg (0.1 mmol/kg), 
administered intravenously, at a rate not to exceed 10 mL per minute. More rapid injection 
rates may be associated with nausea. The maximum total dose is 20 mL. Any unused 
portion must be discarded. 
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To ensure complete a of the contrast medium, the Hf gee should be followed by 
a 5-mL normal saline flush. The imaging procedure should be completed within 1 hour of 
injection of MAGNEVIST® Injection. 

Parenteral products should be inspected visually for particulate matter and discoloration 
prior to administration, whenever solution and container permit. 
For full prescribing information, see package insert. 

Caution: Federal Law Prohibits Dispensing Without Prescription. 


© 1990, Berlex Laboratories Inc. I) 
All rights reserved. 
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New EMG performance standards were set by the 
legendary Nicolet Viking. Now there's Viking I, More 
exciting graphics. Enhanced ease of use. Greater 
flexibility. And it’s more affordable. 

A broad range of hardware and software choices 
allow you to match both performance and price to the 
needs of your practice. And when your needs change, 
Viking II can change, too. Add from two to eight amplifier 
channels. Auditory and visual stimulators. Additional data 
storage capacity. A broad range of printers. And more. 

Add as much as you want, or as little as you need, 
for a price you can afford: 
eè Basic EMG and Nerve Conduction 


The Nicolet Viking II Electrodiagnostic System 


Legendary EMG 
performance in 
a flexible new 


package. 


IBM is a registered 
trademark of International 
Business Machines 


e Single fiber EMG, quantitative EMG (including motor 
unit and interference pattern analysis) 
e Improved Auditory, Visual and Somatosensory Evoked 
Potentials 
e Intraoperative monitoring 
All this, plus the ability to install your DOS and 
IBM-compatible programs, means you get even more 
value from your instrument. 
For more information, call 
toll-free 1-800/356-0007 today. 


Nicolet 


INSTRUMENTS OF DISCOVERY 


25 Verona Rd., Madison, WI 53711-4495 


522 
(608) 271-3333 or FAX (608) 273-5067 
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Calendar 


1990 
Oct 


Nov 


Dec 


1991 
Jan 


Feb 


3-5 


4-6 


14 


14 


14-17 


14-17 


14-18 


20-23 


25-27 


25-28 


28-Nov 2 


30-31 


19-21 


22-23 


6-8 


18-19 


20-26 


31-Feb 2 


15-17 


15-17 


18-20 


CALENDAR OF MEETINGS 


Braintree Hospital’s 11th Annual Traumatic Head Injury Conference, Hilton Hotel, Dedham, Mass. 
Contact Jeffrey Cutler, Public Relations Department, 250 Pond St, Braintree, MA 02184; 1-800- 
333-2561. 

“Treatment of Obesity: A Multidisciplinary Approach,” Copley Plaza Hotel, Boston, Mass. Contact 
Harvard Medical School, 641 Huntington Ave, Boston, MA 02115; (617) 432-1525. 

Symposium on Etiology, Pathogenesis, and Prevention of Parkinson’s Disease, Atlanta (Ga) Hilton 
Hotel. Contact Dr John B. Penney, University of Michigan, 1103 E Huron St, Ann Arbor, MI 48103. 
Symposium on Hyperkinetic Movement Disorders, Atlanta (Ga) Hilton Hotel. Contact Dr William C. 
Koller, Department of Neurology, University of Kansas, 39th and Rainbow Bivds, Kansas City, KS 
66103. 

115th Annual Meeting of the American Neurological Association, Atlanta (Ga) Hilton. Contact The 
American Neurological Association, 2221 University Ave SE, Suite 350, Minneapolis, MN 55414; 
(612) 378-3290. 

American Neurological Association Annual Meeting, Atlanta, Ga. Contact American Neurological 
Association, 2221 University Ave SE, Suite 350, Minneapolis, MN 55414. 

The Eighth Conference of the South East European Society for Neurology and Psychiatry, Jeru- 
salem, Israel. Contact Conference Secretariat, PO Box 50006, Tel Aviv 61500, Israel. 

First International Meeting on Brain and Immunity, Sorrento, Italy. Contact Jean Gilder Congressi, 
via D Fontana 134/8, |-80128 Naples, Italy. 

Eighth Annual Advanced Neuroradiology Seminar, The Hyatt Regency Grand Cypress Hotel, Tampa, 
Fla. Contact Agnes Bridges, Program Coordinator, Radiological Services, The Tampa General 
Hospital, PO Box 1289, Tampa, FL 33601; (813) 251-7778. 

American Pain Society Annual Scientific Meeting, Adam’s Mark Hotel, St Louis, Mo. Contact Amer- 
ican Pain Society, 5700 Old Orchard Rd, First Floor, Skokie, IL 60077-1024. 

Society for Neuroscience Annual Meeting, St Louis, Mo. Contact Society for Neuroscience, 11 Du- 
pont Cir NW, Suite 500, Washington, DC 20036; (202) 462-6688. 

Three-dimensonal Neuroimaging: Theory and Clinical Applications, Baltimore, Md. Contact Program 
Coordinator, The Johns Hopkins Medical Institutions, Office of Continuing Education, Turner Bldg, 
720 Rutland Ave, Baltimore MD 21205; (301) 955-2959. 

The Joint Convention of the Fifth International Child Neurology Congress and the Third Asian and 
Oceania Congress of Child Neurology, Chiba,Japan. Contact The Secretariat, c/o Simul Interna- 
tional Inc, Kowa Bldg No. 9, 8-10 Akasaka 1-chome, Minato-ku, Tokyo 107, Japan. 

Acute and Chronic Infections Affecting Brain Dysfunction and Behavior, Westin Hotel, Vancouver, 
British Columbia. Contact Ann McCormick, Southern California Neuropsychiatric Institute, 6794 La 
Jolla Blvd, La Jolla, CA 92037; (619) 454-2102. 

“Neuro-Oncology Update,” New York, NY. Contact Roberto Fuenmayor, Continuing Medical Ed- 
ucation Office, Memorial Sloan-Kettering Cancer Center, 1275 York Ave, New York, NY 10021; 
(212) 639-6754. 

“International Congress on Stress and Related Disorders,” Modena, Italy. Contact Scientific Sec- 
retariat, University of Modena, Via del Pozzo 71, 41100 Modena, Italy. 
Neurological / Neurosurgical Critical Care Course, The Ritz Carlton Hotel, Boston, Mass. Contact 
Mr Norman Schostak, Harvard Medical School, Department of Continuing Education, 25 Shattuck 
St, Boston, MA 02115. 

Fourth Course in Spanish of the American Academy of Neurology, Orlando, Fla. Contact Office of 
Continuing Education, State University of New York Health Science Center at Syracuse, 750 East 
Adams St, Syracuse, NY 13210; (315) 473-4606. 

‘Family Caregiving Across the Lifespan,” Cleveland, Ohio. Contact May L. Wykle, University Cen- 
ter on Aging and Health, Case Western Reserve University, Cleveland, OH 44106; (216) 368-2692. 
1990 Neuro-Ophthalmology Course, Miami, Fla. Contact University of Miami School of Medicine, 
Bascom Palmer Eye Institute, PO Box 0-15869, Miami, FL; (305) 326-6099. 


Annual Meeting of the American Academy of Pain Medicine, Clarion Castle Hotel and Resort, Miami 
Beach, Fla. Contact American Academy of Pain Medicine, 5700 Old Orchard Rd, First Floor, Skok- 
ie, IL 60077-1024; (708) 965-2776. 

18th Annual Meeting of the Southern Clinical Neurological Society, Camino Real Hotel, Cancun, 
Mexico. Contact Millie F. Walden, Executive Secretary, 3425 SW Second Ave, Suite 154, Gaines- 
ville, FL 32607; (904) 373-9765. 

14th annual course, ‘‘Neurology for Nonneurologists,’’ Omni San Diego (Calif) Hotel. Contact Edith 
S. Bookstein, Neurology for Nonneurologists, PO Box 2586, La Jolla, CA 92038; (619) 454-3212. 
Sixth Meeting of The International Study Group of the Pharmacology of Memory Disorders Asso- 
ciated with Aging, Zurich, Switzerland. Contact Professor Richard J. Wurtman, Bldg E25-604, 
Whitaker College, Massachusetts Institute of Technology, Cambridge, MA 02139. 

The 24th Annual Recent Advances in Neurology, San Francisco, Calif. Contact Extended Programs 
in Medical Education, University of California, Room C-124, San Francisco, CA 94143-0742; (415) 
476-4251. 

Fifth International Symposium on Intracranial Hemodynamics: Transcranial Doppler and Cerebral 
Blood Flow and Other Modalities, Hyatt Regency Embarcadero Center, San Francisco, Calif. Con- 
tact Conference Coordinator, Institute of Applied Physiology and Medicine, 701 16th Ave, Seattle, 
WA 98122; (206) 442-7330. 
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Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg of 
scopolamine over 3 days 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
Transderm Scép is indicated for prevention of nausea and 
vomiting associated with motion sickness in adults. The disc 
should be applied only to skin in the postauricular area. 
Clinical Results: Transderm Scop provides antiemetic pro- 
tection within several hours following application of the disc 
behind the ear. In 195 adult subjects of different racial origins 
who participated in clinical efficacy studies at sea or ina 
Controlled motion environment, there was a 75% reduction in 
the incidence of motion-induced nausea and vomiting. 
Transderm Scop provided significantly greater protection than 
that obtained with oral dimenhydrinate. 


CONTRAINDICATIONS 

Transderm Scōp should not be used in patients with known 
hypersensitivity to scopolamine or any of the components of 
the adhesive matrix making up the therapeutic system, or in 
patients with glaucoma. 


WARNINGS 
Transderm Scép should not be used in children and should be 
used with special caution in the elderly. See PRECAUTIONS. 
Since drowsiness, disorientation, and confusion may occur 
with the use of scopolamine, patients should be warned of the 
Possibility and cautioned against engaging in activities that 
require mental alertness, such as driving a motor vehicle or 
operating dangerous machinery. 
Potentially alarming idiosyncratic reactions may occur with 
ordinary therapeutic doses of scopolamine. 


PRECAUTIONS 
General 


Scopolamine should be used with caution in patients with 
pyloric obstruction, or urinary bladder neck obstruction. 
Caution should be exercised when administering an antiemetic 
or antimuscarinic drug to patients suspected of having 
intestinal obstruction. 

Transderm Scop should be used with special caution in the 
elderly or in individuals with impaired metabolic, liver, or kidney 
functions, because of the increased likelihood of CNS effects. 


_ Information for Patients 


Since scopolamine can cause temporary dilation of the pupils 
and blurred vision if it comes in contact with the eyes, patients 
should be strongly advised to wash their hands thoroughly with 
soap and water immediately after handling the disc. 

Patients should be advised to remove the disc immediately 
and contact a physician in the unlikely event that they experi- 
ence symptoms of acute narrow-angle glaucoma (pain in and 
reddening of the eyes accompanied by dilated pupils). 

Patients should be warned against driving a motor vehicle or 
operating dangerous machinery. A patient brochure is available. 
Drug Interactions 
Scopolamine should be used with care in patients taking 
drugs, including alcohol, capable of causing CNS effects. Spe- 
cial attention should be given to drugs having anticholinergic 
Properties, e.g., belladonna alkaloids, antihistamines (including 
meclizine), and antidepressants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term studies in animals have been performed to 
evaluate carcinogenic potential. Fertility studies were per- 
formed in female rats and revealed no evidence of impaired 
fertility or harm to the fetus due to scopolamine hydrobromide 
administered by daily subcutaneous injection. In the highest- 
dose group (plasma level approximately 500 times the level 
achieved in humans using a transdermal system), reduced 
maternal body weights were observed. 

Pregnancy Category C 

Teratogenic studies were performed in pregnant rats and 
rabbits with scopolamine hydrobromide administered by daily 
intravenous injection. No adverse effects were recorded in the 
rats. In the rabbits, the highest dose (plasma level approxi- 
mately 100 times the level achieved in humans using a 


_ transdermal system) of drug administered had a marginal 


embryotoxic effect. Transderm Scōp should be used during 
Pregnancy only if the anticipated benefit justifies the potential 
risk to the fetus. 

Nursing Mothers 

Itis not known whether scopolamine is excreted in human milk. 
Because many drugs are excreted in human milk, caution 
should be exercised when Transderm ScOp is administered to 
a nursing woman. 

Pediatric Use 

Children are particularly susceptible to the side effects of 
belladonna alkaloids. Transderm Scōp should not be used in 
children because it is not known whether this system will 
release an amount of scopolamine that could produce serious 
adverse effects in children. 


ADVERSE REACTIONS 

The most frequent adverse reaction to Transderm Sc6p is 
dryness of the mouth. This occurs in about two thirds of the 
people. A less frequent adverse reaction is drowsiness, which 
occurs in less than one sixth of the people. Transient impairment 
of eye accommodation, including blurred vision and dilation of 
the pupils, is also observed. 

The following adverse reactions have also been reported on 
infrequent occasions during the use of Transderm Scop: 
disorientation; memory disturbances; dizziness; restlessness; 
hallucinations; confusion; difficulty urinating; rashes and 
erythema; acute narrow-angle glaucoma; and dry, itchy, or red 


es. 

Drug Withdrawal: Symptoms including dizziness, nausea, 
vomiting, headache and disturbances of equilibrium have been 
reported in a few patients following discontinuation of the use 
of the Transderm Scop system. These symptoms have 
occurred most often in patients who have used the systems for 
more than three days. 


OVERDOSAGE 

Overdosage with scopolamine may cause disorientation, 
memory disturbances, dizziness, restlessness, hallucinations, 
or confusion. Should these symptoms occur, the Transderm 
ScOp disc should be immediately removed. Appropriate 
parasympathomimetic therapy should be initiated if these 
symptoms are severe. 


DOSAGE AND ADMINISTRATION 

Initiation of Therapy: One Transderm Scép disc (programmed 
to deliver 0.5 mg of scopolamine over 3 days) should be 
applied to the hairless area behind one ear at least 4 hours 
before the antiemetic effect is required. Only one disc should 
be worn at any time. 

Handling: After the disc is applied on dry skin behind the 
ear, the hands should be washed thoroughly with soap and 
water and dried. Upon removal of the disc, it should be 
discarded, and the hands and application site washed thor- 
oughly with soap and water and dried, to prevent any traces of 
scopolamine from coming into direct contact with the eyes. (A 
patient brochure is available.) 

Continuation of Therapy: Should the disc become displaced, 
it should be discarded, and a fresh one placed on the hairless 
area behind the other ear. If therapy is required for longer than 
3 days, the first disc should be discarded, and a fresh one 
placed on the hairless area behind the other ear. 


The system should be stored between 59°-86°F (15°-30°C). 
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Does Spasm Precede Development 
of Cerebroarterial Aneurysms? 


To the Editor.—In his reminiscence, 
Treatment of Aneurysmal Subarach- 
noid Hemorrhage, Aring!’ mentions 
the demonstration of vasospasm in the 
arteriogram after such hemorrhage.? 
Since then it has been suggested that 
such vasospasm may precede and con- 
tribute to the development of cerebral 
arterial aneurysms.** 

Most neurosurgeons consider that 
cerebral ischemia from vasospasm is 
the major cause of morbidity and mor- 
tality in patients with subarachnoid 
hemorrhage following rupture of a ce- 
rebral arterial aneurysm.*® Yet Aring' 
quotes Slosberg* that vasospasm is not 
a factor in his extensive experience. 
Slosberg’s* management includes pro- 
longed lowering of the patient’s blood 
pressure. Could this program not only 
prevent secondary hemorrhage but 
also overcome vasospasm? 

However, with another regimen, 
Heros and coworkers’ found that hy- 
potension may precipitate clinical 
symptoms in a patient who otherwise 
might have had asymptomatic vaso- 


spasm. 
ARTHUR ECKER, MD, PHD 
603 Crawford Ave 
Syracuse, NY 13224 
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Duchenne Muscular Dystrophy 
Manifesting Carriers 


To the Editor—The article by 
Barkhaus and Gilchrist in the June 
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1989 issue of the ARCHIVES! makes the 
appropriate point that Duchenne dys- 
trophy in manifesting female carriers 
may be difficult to distinguish clini- 
cally from sporadic autosomal reces- 
sive limb-girdle muscular dystrophy. 
Limb-girdle muscular dystrophy is a 
heterogeneous syndrome, however, 
and autosomal dominant forms should 
also be considered in the differential 
diagnosis of females with this 
phenotype? If the family history is 
negative or ambiguous in patients with 
limb-girdle muscular dystrophy, then 
autosomal recessive inheritance is 
most likely, but an autosomal domi- 
nant form could not be ruled out by 
examination findings alone.” In addi- 
tion, autosomal dominant limb-girdle 
dystrophy transmitted from mother to 
daughter could clinically resemble the 
Duchenne carrier state.’ Distinction of 
Duchenne dystrophy from autosomal 
recessive or dominant muscular dys- 
trophy in such patients is important 
for accurate genetic counseling. Ge- 
netic implications of the diagnosis of 
muscular dystrophy obviously may 
vary widely depending on the specific 
neurogenetic entity. 

The Duchenne locus on the X chro- 
mosome (Xp21.2) has recently been 
identified as the gene for the muscle 
protein dystrophin.* As discussed by 
Barkhaus and Gilchrist, DNA probe 
analysis of this site, or assay of dys- 
trophin in muscle biopsy specimens 
may allow diagnosis of Duchenne dys- 
trophy carriers. Females presenting 
with the syndrome of limb-girdle mus- 
cular dystrophy may have a family 
history that allows exclusion of Du- 
chenne dystrophy. If the inheritance 
pattern is uncertain in this regard or 
there is a negative family history, 
however, these patients should be con- 
sidered for evaluation as potential car- 


riers of Duchenne dystrophy. 
KEVIN BoYLAN, MD 
Neurology Department, Box 0114 
University of California 
San Francisco, CA 94143 


1. Barkhaus PE, Gilchrist JM. Duchenne mus- 
cular dystrophy manifesting carriers. Arch Neu- 
rol. 1989;46:673-675. 

2. Walton J, Gardener-Medwin D. The muscu- 
lar dystrophies. In: Walton J, ed. Disorders of 
Voluntary Muscle. 5th ed. New York, NY: 
Churchill Livingstone Inc; 1988:519-568. 


3. Moser H, Emery AEH. The manifesting car- 
rier in Duchenne muscular dystrophy. Clin Genet. 
1974;5:271-284. 

4. Gutmann DH, Fischbeck KH. Molecular bi- 
ology of Duchenne and Becker’s muscular dystro- 
phy. Ann Neurol. 1989;26:189-194. 


In Reply.—Limb-girdle dystrophy is a 
rubric that is considered “obsolete” by 
some authors! and may be best consid- 
ered a syndrome. We were unable to 
find specific discussions on autosomal 
dominant limb-girdle dystrophy in the 
citations!” offered by Boylan. We agree 
that one cannot clinically differentiate 
the autosomal dominant from the au- 
tosomal recessive forms.’ Without ad- 
equate family history and pedigree 
analysis, an autosomal dominant pat- 
tern of inheritance, although quite 
rare, obviously cannot be excluded. If 
an autosomal dominant pattern is es- 
tablished, however, one can virtually 
eliminate the possibility of a Du- 
chenne dystrophy manifesting carrier 
since there cannot be male-to-male 
transmission of Duchenne dystrophy. 
This explains the focus on autosomal 
recessive and sporadic limb-girdle 
dystrophy as the major differential di- 
agnosis for Duchenne dystrophy man- 
ifesting carrier in our article.* Perhaps 
we should simplify this issue and reit- 
erate that females with a limb-girdle 
syndrome and no family history to es- 
tablish an autosomal dominant inher- 
itance pattern must also be evaluated 
as possible Duchenne dystrophy man- 
ifesting carriers. Future efforts in 
scrutinizing this clinical group may 
include detecting female manifesting 
carriers of Becker dystrophy. 

PAUL E. BARKHAUS, MD 

Neurology Service (127) 

Minneapolis Veterans Administration 


Medical Center 
Minneapolis, MN 55417 


JAMES M. GILCHRIST, MD 
Department of Neurology 
Brown University 
Providence, RI 02903 
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Is Phytanate Accumulation 
Pathognomonic for Heredopathia 
Atactica Polyneuritiformis? 


To the Editor.—Heredopathia atactica 
polyneuritiformis or Refsum disease 
in its classic presentation is an auto- 
somal recessive disorder of lipid me- 
tabolism characterized by the accumu- 
lation of phytanic acid in the blood and 
tissues due to deficient oxidation of 
this 20-carbon-branched fatty acid. 
The clinical features of this condition 
are characterized by retinitis pigmen- 
tosa, chronic polyneuropathy, cerebel- 
lar ataxia, and raised cerebrospinal 
fluid protein levels. Additional signs 
such as anosmia, sensorineural hear- 
ing loss, cataract, skeletal malforma- 
tions, cardiomyopathy, and ichthyo- 
sislike skin changes may form part of 
the picture. None of the single mani- 
festations is in itself specific or pathog- 
nomonic for Refsum disease, except for 
the disturbance of phytanate metab- 
olism.' This has, until now, been con- 
sidered diagnostic for the disease, 
though phytanic acid levels have re- 
cently been found to be elevated in 
some peroxisomal disorders, including 
Zellweger syndrome, infantile Refsum 
disease, neonatal adrenoleukodystro- 
phy, and rhizomelic chondrodysplasia 
punctata.’ Biochemically, peroxisomal 
disorders and heredopathia atactica 
polyneuritiformis share the reduced 
: ability to degrade phytanic acid. It re- 
mains to be established whether or not 
classic Refsum disease belongs to the 
group of peroxisomal disorders, since, 
at present, there is only indirect evi- 
dence suggesting that phytanic acid 
oxidase is localized in peroxisomes in- 
stead of mitochondria in man? 


Report of a Case.—In 1989, we had 
treated a 27-year-old man with a clinical 
picture clearly different from Refsum dis- 
ease. The patient has been suffering from a 
rapidly progressive cerebellar ataxia since 
the age of 21. Magnetic resonance imaging 
showed a marked atrophy of the cerebel- 
lum. On neurological examination, his gait, 
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standing, sitting, and coordination were 
severely ataxic. His sense of vibration, po- 
sition, and stereognosis were considerably 
diminished, while perception of light touch, 
pain, and temperature were found to be 
normal. Muscle stretch reflexes were ab- 
sent, and no signs of the Babinski group 
were elicitable. Cranial nerves were nor- 
mal. He had no retinitis pigmentosa, cata- 
ract, skin changes, or cardiomyopathy. 
Muscular tonus was somewhat hypotonic. 
The patient had marked difficulty in writ- 
ing. His speech was dysarthric and partly 
scunning. Electrophysiological examina- 
tions, including electromyography, motor 
and sensory nerve conduction velocities, 


-electroencephalogram, and evoked poten- 


tials were within normal limits. Examina- 
tion of his cerebrospinal fluid showed a 
normal cell count and a total protein level 
of 1120 umol/L. Routine blood analysis, as 
well as lipid electrophoresis, were unreveal- 
ing. We obtained three blood samples at in- 
tervals of 6 to 8 weeks for detection of phy- 
tanic acid. The determination of phytanate 
was performed as described previously.** 
By the methods used, a phytanic acid con- 
centration of 5.76 umol/L or above can be 
detected. The phytanate concentration was 
found to be elevated, varying between 15 
and 20 „mol/L (normal, <10 umol/L). He 
subsequently underwent a phytanic acid- 
free diet for 6 months, and, thereafter, the 
phytanate concentration was below the de- 
tectable limit. The patient, who unfortu- 
nately declined further investigation, has 
one sister suffering from the same clinical 
features since the age of 19. The parents and 
another sister were healthy, and there was 
no phytanate elevation in the blood samples 
of the parents and the two siblings. 


Comment.—The interest in this case 
lies in the presence of some peculiar 
features suggesting an unusual course 
of Friedreich disease, or an early stage 
of olivopontocerebellar atrophy. So 
far, in a large number of different dis- 
orders, including Friedreich disease 
and other types of spinocerebellar at- 
rophy, normal levels of serum phytan- 
ate have been found.’ Thus, to our 
knowledge, this is the first adult case 
with phytanic acid accumulation in a 
heredodegenerative disorder with fea- 
tures clearly different from Refsum 
disease. However, it should be recalled 
that three cases have been reported 
where phytanic acid was considerably 
increased without clinical symptoms 
of heredopathia atactica polyneuri- 
tiformis.”® Two cases were mothers of 


patients with Refsum disease. The 
third case was an infant suffering from 
cerebral damage of unknown cause, 
but with clinical signs indicating a 
disorder of the peroxisomal group. El- 
evated phytanic acid concentrations 
and successful dietary treatment in 
the case described suggest that the 
phytanate accumulation was due to a 
rich dietary intake of phytanic acid. It 
is felt that this, coupled with a possi- 
bly heterogeneous carrier state and a 
partially reduced alpha-oxidation ca- 
pacity led to a moderately increased 
phytanic acid level without developing 
toxic symptoms or clinical signs. 
Apart from the group of peroxisomal 
disorders, this unique case, however, 
may limit the significance of phytan- 
ate accumulation as the sole diagnostic 


criterion of Refsum disease. 
HEINZ B. GROSSE ALDENHOVEL, MD 
Bethesda-Klinik 
Department of Neurology 
CH-3233 Tschugg, Switzerland 


The author gratefully acknowledges Professor 
Sigvald Refsum for personal communications and 
suggestions. 
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Tegretol? 
carbamazepine USP 


Chewable Tablets of 100 mg—red-speckled. pink 
Tablets of 200 mg—pink 





WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN 
ASSOCIATION WITH THE USE OF TEGRETOL DATA FROM A POPULATION- 
BASED CASE CONTROL STUDY DEMONSTRATE THAT THE RISK OF DE- 
VELOPING THESE REACTIONS IS 5-8 TIMES GREATER THAN IN THE 
GENERAL POPULATION. HOWEVER, THE OVERALL RISK OF THESE REAC- 
TIONS IN THE UNTREATED GENERAL POPULATION IS LOW. APPROXI- 
MATELY SIX PATIENTS PER ONE MILLION POPULATION PER YEAR FOR 
AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED 
PLATELET OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN 
ASSOCIATION WITH THE USE OF TEGRETOL. DATA ARE NOT AVAILABLE 
TO ESTIMATE ACCURATELY THEIR INCIDENCE OR OUTCOME. HOWEVER 
THE VAST MAJORITY OF THE CASES OF LEUKOPENIA HAVE NOT PRO- 
GRESSED TO THE MORE SERIOUS CONDITIONS OF APLASTIC ANEMIA OR 
AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND 
APLASTIC ANEMIA. THE VAST MAJORITY OF MINOR HEMATOLOGIC 
CHANGES OBSERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE 
UNLIKELY TO SIGNAL THE OCCURRENCE OF EITHER ABNORMALITY 
NONETHELESS. COMPLETE PRETREATMENT HEMATOLOGICAL TESTING 
SHOULD BE OBTAINED AS A BASELINE. IF A PATIENT IN THE COURSE OF 
TREATMENT EXHIBITS LOW OR DECREASED WHITE BLOOD CELL OR 
PLATELET COUNTS, THE PATIENT SHOULD BE MONITORED CLOSELY 
DISCONTINUATION OF THE DRUG SHOULD BE CONSIDERED IF ANY EVI- 
DENCE OF SIGNIFICANT BONE MARROW DEPRESSION DEVELOPS 











Before prescribing Tegretol, the physician should be thoroughly familiar 
with the details of this prescribing information. particularly regarding use with 
other drugs, espi ly those which accentuate to; 
DESCRIPTION 

Tegretol, carbamazepine USP. is an anticonvulsant and spec analgesic for 
trigeminal neuralgia, available as chewable tablets of 100 mg and tablets of 
200 mg for oral administration. Its chemical name is 5H-dibenz[b.f)azepine-5- 
carboxamide, and its structural formula is 
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Carbamazepine USP is a white to off-white powder, practically insoluble in 
water and soluble in alcohol and in acetone. Its molecular weight is 236.27. 
Inactive Ingredients Colloidal silicon dioxide, FD&C Red No. 3 (chewable tablets 
only). FD&C Red No. 40 (200-mg tablets only). flavoring (chewable tablets only). 
gelatin. glycerin, magnesium stearate. sodium starch glycolate (chewable tablets 
only), starch, stearic acid. and sucrose (chewable tablets only) 

CLINICAL PHARMACOLOGY 

In controlled clinical trials. Tegretol has been shown to be effective in the 
treatment of psychomotor and grand ma! seizures. as well as trigeminal 
neuralgia 

It has demonstrated anticonvulsant properties in rats and mice with electrically 
and chemically induced seizures. It appears to act by reducing polysynaptic 
responses and blocking the posttetanic potentiation. Tegretol greatly reduces or 
abolishes pain induced by stimulation of the infraorbital nerve in cats and rats It 
depresses thalamic potential and bulbar and polysynaptic reflexes. including the 
linguomandibular reflex in cats. Tegretol is chemically unrelated to other anticon- 
vulsants or other drugs used to control the pain of trigeminal neuralgia The 
mechanism of action remains unknown 

Tegretol tablets are adequately absorbed after oral administration at a slower 
rate than a solution, thus avoiding undesirably high peak concentrations. Tegretol 
in blood is 76% bound to plasma proteins Plasma levels of Tegretol are variable 
and may range from 0.5-25 ug/ml, with no apparent relationship to the daily 
intake of the drug. Usual adult therapeutic levels are between 4 and 12 ug/ml 
Following oral administration, serum levels peak at 4 to 5 hours The CSF/serum 
ratio 1s 0.22, similar to the 22% unbound Tegretol in serum. Because Tegretol may 
induce its own metabolism. the half-life 1s also variable. Initial half-life values 
range from 25-65 hours, with 12-17 hours on repeated doses. Tegretol 1s metabo- 
lized in the liver. After oral administration of 14C-carbamazepine, 72% of the 
administered radioactivity was found in the urine and 28% in the feces. This 
urinary radioactivity was composed largely of hydroxylated and conjugated me- 
tabolites, with only 3% of unchanged Tegretol. Transplacental passage of Tegretol 
is rapid (30 to 60 minutes), and the drug is accumulated in fetal tissues. with 
higher levels found in liver and kidney than in brain and lungs 
INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug. Evidence 
supporting efficacy of Tegretol as an anticonvulsant was derived from active drug- 
controlled studies that enrolled patients with the following seizure types 
1. Partial seizures with complex symptomatology (psychomotor. temporal lobe) 
Patients with these seizures appear to show greater improvement than those with 
other types 
2. Generalized tonic-clonic seizures (grand mal) 

3. Mixed seizure patterns which include the above. or other partial or generalized 
seizures 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see 
PRECAUTIONS. General) 

Trigeminal Neuralgia: Tegretol ıs indicated in the treatment of the pain associated 
with true trigeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal neuralgia. 

This drug is not a simple analgesic and should not be used for the relief of trivial 
aches or pains 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow 
depression. hypersensitivity to the drug. or known sensitivity to any of the 
tricyclic compounds, such as amitriptyline, desipramine, imipramine. protrip- 
tyline, nortriptyline, etc. Likewise, on theoretical grounds its use with mono- 
amine oxidase inhibitors 1s not recommended. Before administration of Tegretol 
MAO inhibitors should be discontinued for a minimum of fourteen days. or longer 
if the clinical situation permits 
WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may be 
particularly at risk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyells 
syndrome) and Stevens-Johnson syndrome. have been reported with Tegretol 
These reactions have been extremely rare However. a tew fatalities have been 
reported 

Tegretol has shown mild anticholinergic activity, therefore. patients with in- 
creased intraocular pressure should be closely observed during therapy 

Because of the relationship of the drug to other tricyclic compounds. the 
possibility of activation of a latent psychosis and. in elderly patients, of confusion 
or agitation should be borne in mind 
PRECAUTIONS 
General: Before initiating therapy, a detailed history and physical examination 
should be made 

Tegretol should be used with caution in patients with a mixed seizure disorder 
that includes atypical absence seizures. since in these patients Tegretol has been 
associated with increased frequency of generalized convulsions (see INDICA- 
TIONS AND USAGE), 

Therapy should be prescribed only after critical benefit-to-risk appraisal in 
Patients with a history of cardiac, hepatic or renal damage, adverse hematologic 
reaction to other drugs. or interrupted courses of therapy with Tegretol 
Information for Patients: Patients should be made aware of the early toxic signs 
and symptoms of a potential hematologic problem, such as tever, sore throat 
ulcers in the mouth, easy bruising, petechial or purpuric hemorrhage. and should 
be advised to report to the physician immediately if any such signs or symptoms 
appear. 

Since dizziness and drowsiness may occur, patients should be cautioned about 
the hazards of operating machinery or automobiles or engaging in other poten- 
tially dangerous tasks 


Laboratory Tests: Complete pretreatment blood counts. including platelets and 
possibly reticulocytes and serum iron. should be obtained as a baseline. If a 
Patient in the course of treatment exhibits low or decreased white blood cell or 
platelet counts. the patient should be monitored closely Discontinuation of the 
drug should be considered it any evidence of significant bone marrow depression 
develops 

Baseline and periodic evaluations of liver tunction. particularly in patients with 
a history of liver disease, must be performed during treatment with this drug 
since liver damage may occur. The drug shouid be discontinued immediately in 
cases of aggravated liver dysfunction or active liver disease 

Baseline and periodic eye examinations, including slit-lamp, tunduscopy and 
tonometry. are recommended since many phenothiazines and related drugs have 
been shown to cause eye changes 

Baseline and periodic complete urinalysis and BUN determinations are recom- 
mended for patients treated with this agent because of observed renal 
dysfunction 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the 
efficacy and safety of anticonvulsants. This monitoring may be particularly usetul 
in cases of dramatic increase in seizure frequency and for verification of com- 
pliance. In addition. measurement of drug serum levels may aid in determining 
the cause of toxicity when more than one medication is being used 

Thyroid function tests have been reported to show decreased values with 
Tegretol administered alone 

lyponatremia has been reported in association with Tegretol use. either alone 

or in combination with other drugs 
Drug Interactions: The simultaneous administration of phenobarbital. phenytoin 
Or primidone. or a combination of two. produces a marked lowering of serum 
levels of Tegreto! The effect of valproic acid on Tegretol blood levels 1s not clearly 
establishe 

The half-lives of phenytoin, warfarin. doxycycline. and theophylline were 
significantly shortened when administered concurrently with Tegreto! 
Haloperidol and valproat acid serum levels may be reduced when these drugs are 
administered with Tegretol The doses of these drugs may therefore have to be 
increased when Tegretol is added to the therapeutic regimen 

Concomitant administration of Tegretol with erythromycin. cimetidine, pro- 
poxyphene. isoniazid or calcium channel blockers has been reported to result in 
elevated plasma levels of carbamazepine resulting in toxicity in some cases. Also 
concomitant administration of carbamazepine and lithium may increase the risk of 
neurotoxic side eHects 

Alterations of thyroid function nave been reported in combination therapy with 
other anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiving con- 
comitant oral contraceptives and their reliability may be adversely affected 
Carcinogenesis. Mutagenesis, Impairment of Fertility: Carbamazepine. when 
administered to Sprague-Dawley rats for two years in the diet at doses of 25. 75 
and 250 mg/kg/day. resulted in a dose-related increase in the incidence of 
hepatocellular tumors in females and of benign interstitial cell adenomas in the 
testes of males 

Carbamazepine must. therefore. be considered to be carcinogenic in Sprague- 
Dawley rats. Bacteria! and mammalian mutagenicity studies using carbamazepine 
produced negative results The significance of these findings relative to the use of 
carbamazepine in humans ıs, at present, unknown 
Pregnancy Category C: Tegretol has been shown to have adverse effects in 
reproduction studies in rats when given orally in dosages 10-25 times the max- 
imum human daily dosage of 1200 mg In rat teratology studies. 2 of 135 offspring 
showed kinked ribs at 250 mg/kg and 4 of 119 offspring at 650 mg/kg showed 
other anomalies (cleft palate. 1. talipes. 1. anopnthaimos. 2) In reproduction 
Studies in rats. nursing offspring demonstrated a lack of weight gain and an 
unkempt appearance at a maternal dosage level ot 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women. Tegretol 
should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus 


Only TEGRETOL, 
brand of carbamazepine, 
provides the prescribing 


flexibility of a 100-mg scored 
chewable tablet, as well as 
a 200-mg scored tablet. 





Retrospective case reviews suggest that. compared with monotherapy, there 
may be a higher prevalence of teratogenic effects associated with the use of 
anticonvulsants in combination therapy Therefore. monotherapy is recom- 
mended for pregnant women 

It is important to note that anticonvulsant drugs should not be discontinued in 
Patients in whom the drug is administered to prevent major seizures because of 
the strong possibility of precipitating status epilepticus with attendant hypoxia 
and threat to life. In individual cases where the severity and frequency of the 
seizure disorder are such that removal of medication does not pose a serious 
threat to the patient, discontinuation of the drug may be considered prior to and 
during pregnancy. although it cannot be said with any confidence that even minor 
seizures do not pose some hazard to the developing embryo or fetus 
Labor and Delivery: The effect of Tegretol on human labor and delivery is 
unknown 
Nursing Mothers: During lactation. concentration of Tegretol in milk 1s approxi- 
mately 60% of the maternal plasma concentration 

Because of the potential for serious adverse reactions in nursing intants trom 
carbamazepine, a decision should be made whether to discontinue nursing or to 
discontinue the drug. taking into account the importance of the drug to the 
mother 
Pediatric Use: Seley and effectiveness in children below the age of 6 years have 
not been establishes 
ADVERSE REACTIONS 
If adverse reactions are of such severity that the drug must be discontinued. the 
physician must be aware that abrupt discontinuation of any anticonvulsant drug in 
a responsive epileptic patient may lead to seizures or even status epilepticus with 
its life-threatening hazards 

The most severe adverse reactions have been observed in the hemopoietic 
system (see boxed WARNING). the skin and the cardiovascular system 

The most frequently observed adverse reactions. particularly during the initial 
phases of therapy. are dizziness. drowsiness, unsteadiness. nausea. and vomit- 
ing. To minimize the possibility of such reactions. therapy should be initiated at 
the low dosage recommended 

The following additional adverse reactions have been reported 

Hemoporetic System. Aplastic anemia. agranulocytosis. pancytopenia, bone 
marrow depression, thrombocytopenia, leukopenia. leukocytosis, eosinophilia 
Skin. Pruritic and erythematous rashes. urticaria. toxic epidermal necrolysis 
(Lyell’s syndrome) (see WARNINGS), Stevens-Johnson syndrome (see WARN. 
INGS), photosensitivity reactions. alterations in skin pigmentation. exfoliative 
dermatitis, erythema multiforme and nodosum, purpura. aggravation of dissemi- 
nated lupus erythematosus, alopecia, and diapnoresis In certain cases, discon- 
tinuation of therapy may be necessary. 
Cardiovascular System’ Congestive neart failure. edema. aggravation of hyper- 
tension, hypotension, syncope and collapse. aggravation of coronary artery 
disease. arrhythmias and AV block primary thrombophlebitis, recurrence of 
thrombophlebitis. and adenopathy or lymphadenopathy. 

Some ot these cardiovascular complications have resulted in fatalities. Myocar- 
dial infarction has been associated with cther tricyclic compounds 
Liver’ Abnormalities in liver function tests, cholestatic and hepatocellular jaun- 
dice, hepatitis 
Respiratory System Pulmonary hypersensitivity characterized by fever. dys- 
pnea, pneumonitis or pneumonia 
Genitourinary System Urinary frequency, acute urinary retention. oliguria with 
elevated blood pressure. azotemia, rena failure, and impotence Albuminuria 
olycosurra elevated BUN and microscopic deposits in the urine nave also been 
reporte: 

Testicular atrophy occurred in rats receving Tegretol orally trom 4 to 52 weeks 
at dosage levels of 50 to 400 mg/kg/day. Additionally. rats receiving Tegretol in the 
diet for two years at dosage levels of 25. 75. and 250 mg/kg/day had a dose- 
related incidence of testicular atrophy and aspermatogenesis In dogs. it pro- 
duced a brownish discoloration. presumably a metabolite. in the urinary bladder 
at dosage levels of 50 mg/kg and higher. Relevance of these findings to humans is 
unknown 
Nervous System. Dizziness. drowsiness, disturbances of coordination, con- 
fusion. headache. fatigue. blurred vision, visual hallucinations, transient di- 
Plopia. oculomotor disturbances. nystagmus. speech disturbances. abnormal 
involuntary movements. peripheral neuritis and paresthesias. depression with 


agitation, talkativeness. tinnitus. and hyperacusis 
There have been reports of associated paralysis and other symptoms of cere- 
bral arterial insufficiency, but the exact relationship of these reactions to the drug 
has not been established 
Digestive System Nausea. vomiting. gastric distress and abdominal pai, diar- 
rhea, constipation, anorexia, and dryness of the mouth and pharynx, including 
lossitis and stomatitis 
yes Scattered, punctate. cortical lens opacities. as well as conjunctivitis have 
been reported. Although a direct causal relationship has not been established 
many phenothiazines and related drugs have been shown to cause eye changes 
Musculoskeletal System Aching joints and muscles. and leg cramps 
Metabolism: Fever and chills Inappropriate antidiuretic hormone (ADH) secre- 
tion syndrome has been reported Cases of frank water intoxication, with de- 
creased serum sodium (hyponatremia) and confusion. have been reported in 
association with Tegretol use (see PRECALTIONS. Laboratory Tests) 
Other Isolated cases of a lupus erythematosus-like syndrome have been re- 
ported. There have been occasional reports of elevated levels of cholesterol, HDL 
cholesterol and NO OeP END in patients taking anticonvulsants 
ORUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol. nor is there 
evidence of psychological or physical dependence in humans 
OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose adults. >60 9 (39-year-old man). Highest known 
doses survived adults, 30 g (31-year-ole woman). children. 10 g (6-year-old 
boy), small children, 5 g (3-year-old girl) 
Oral LDsg in animals (mg/kg) mice. 1100-3750. rats, 3850-4025. rabbits 
1500-2680, guinea pigs. 920 
Signs and Symptoms 
The first signs and symptoms appear atter 1-3 hours. Neuromuscular dis- 
turbances are the most prominent Cardiovascular disorders are generally milder 
and severe cardiac complications occur only when very high doses ( S60 9) have 
been ingested 
Respiration Irregular breathing. respiratory depression 
Cardiovascular System: Tachycardia. nypolension or hypertension. shock, con- 
duction disorders 
Nervous System and Muscles. Impairment of consciousness ranging in severity 
to deep coma Convulsions. especially in small children. Motor restlessness 
muscular twitching. tremor. athetoid movements, opisthotonos. ataxia. drow- 
siness. dizziness, mydriasis. nystagmus, adiadochokinesia, ballism, psycho- 
motor disturbances. dysmetria Initial hyperreflexia. followed by hyporeflexia 
Gastrointestinal Tract Nausea. vomiting 
Kidneys and Bladder Anuna or oliguria. urinary retention 
Laboratory Findings Isolated instances of overdosage have included leu- 
kocytosis, reduced leukocyte count. glycosuria and acetonuria, EEG may show 
dysrhythmias 
Combined Poisoning When alcohol. tricyclic antidepressants, barbiturates or 
hydantoins are taken at the same time. the signs and symptoms of acute poison- 
ing with Tegretol may be aggravated or modified 
Treatment 
The prognosis in cases of severe poisoning Is critically dependent upon prompt 
elimination of the drug. which may be achieved by inducing vomiting. irrigating 
the stomach. and by taking appropriate steps to diminish absorption If these 
measures Cannot be implemented without risk on the spot. the patient should be 
transferred at once to a hospital, while ensuring that vital functions are safe- 
ee There is no specific antidote 
limination of the Drug- Induction of vomiting 
Gastric lavage Even when more thar 4 hours have elapsed following ingestion 
of the drug. the stomach should be repeatedly irrigated. especially if the patient 
has also consumed alcohol 
Measures to Reduce Absorption. Activated charcoal, laxatives 
Measures to Accelerate Elimination: Forced diuresis 
Dialysis 1s indicated only in severe poisoning associated with renal failure 
Replacement transfusion is indicated in severe poisoning in small children 
Respiratory Depression Keep the airways ‘ree. resort, if necessary, to endo- 
tracheal intubation, artificial respiration, and administration of oxygen 
Hypotension, Shock Keep the patient's legs raised and administer a plasma 
expander. If blood pressure tails to nse despite measures taken to increase 
plasma volume. use of vasoactive substances should be considered 
Convulsions: Diazepam or barbiturates. 
Warning. Diazepam or barbiturates may aggravate respiratory depression (espe- 
cally in children), hypotension, and coma However. barbiturates should not be 
used if drugs that inhibit monoamine oxidase have also been taken by the patient 
either in overdosage or in recent therapy (within one week) 
Surveillance Respiration, cardiac function ‘ECG monitoring), blood pressure 
body temperature. pupillary reflexes. amd kicney and bladder function should be 
monitored for several days 
Treatment of Biood Count Abnormalities If evidence of significant bone marrow 
depression develops, the following recommendations are suggested (1) stop the 
drug. (2) perform daily CBC. paee and reticulocyte counts. (3) do a bone 
marrow aspiration and trephine biopsy immeciately and repeat with sufficient fre- 
quency to monitor recovery 
Spena Periodic studies might be helptul as follows. (1) white cel! and platelet 
antibodies. (2) 59Fe—terrokinetic studies, (3) peripheral blood cell typing, 
(4) cytogenetic studies on marrow and peripheral blood. (5) bone marrow culture 
studies for colony-forming units. (6) hemoglobin electrophoresis for Ap and 
F hemoglobin, and (7) serum folic acid and B42 levels 
A fully developed aplastic anemia will require appropriate, intensive monitoring 
and therapy. for which specialized consultation should be sought 
DOSAGE AND ADMINISTRATION 
Monitoring of blood levels has increased the efficacy and satety of anti- 
convulsants (see PRECAUTIONS. Laboratory Tests). Dosage should be adjusted 
to the needs of the individual patient A low initial daily dosage with a gradual 
increase ıs advised. As soon as adequate control is achieved. the dosage may be 
reduced very gradually to the minimum effective level Tablets should be taken 
with meais 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—Initial 200 mg bı d Increase at 
weekly intervals by adding up to 200 mg per cay using a tı d orgid. regimen 
until the best response is obtained Dosage should generally not exceed 1000 m 
daily in children 12 to 15 years of age. and 1200 mg daily in patients above 1 
years of ae Doses up to 1600 mg daily have been used in adults in rare 
instances. Maintenance: Adjust dosage to the minimum effective level, usually 
800-1200 mg daily 
Children 6-12 years of age—Initial: 100 mg bı d. Increase at weekly intervals 
by adding 100 mg per day usinga t ı d. orqid cee until the best response is 
obtained. Dosage should generally not exceed 1000 mg Maintenance: Adjust 
dosage to the minimum effective level, usually 400-800 mg daily 
Combination Therapy: Tegretol may be used alone or with other anticonvulsants 
When added to existing anticonvulsant therapy, the drug should be added gradu- 
ally while the other anticonvulsants are maintained arp decreased, except 
phenytoin, which may have to be increased (see PRECAUTIONS. Drug Inter- 
actions and Pregnancy Category C), 
Trigeminal Neuralgia (see INDICATIONS AND USAGE} 
Initial: 100 mg b.i.d. on the first day tor a total daily dose of 200 mg This Say 
dose may be increased by up to 200 mg a cay using increments of 100 mg every 1 
hours only as needed to achieve freedom trom pain Do not exceed 1200 mg daily. 
Maintenance: Contro! of pain can be maintained in most patients with 400 mg to 
800 mg daily However. some patients may be maintained on as little as 200 mg 
daily. while others may require as much 2s 1200 mg daily At least once every 
months throughout the treatment period. attempts should be made to reduce the 
dose to the minimum effective level or even to discontinue the drug 
HOW SUPPLIED 
Chewable Tablets 100 mg—round. red-speckled, pink. single-scored (imprinted 
Tegretol on one side and 52 twice on the scored side) 


Bottles of 100 NOC 0028-0052-01 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NOC 0028-0052-61 


Tablets 200 mg—capsule-shaped. pink, singie-scored (imprinted Tegretol on 
one side and 27 twice on the scored side) 

Bottles of 100 NDC 0028-0027-01 

Bottles of 1000 NDC 0028-0027-10 
Gy-Pak*—One Unit 

12 botties—100 tablets each NDC 0028-0027-65 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 0028-0027-61 
Samples, when available. are identified by the word SAMPLE appearing on each 
tablet 
Protect trom moisture 
Dispense in tight container (USP) 
Also available as Tegretol suspension 100 mg 5 mi, in 450 m! bottles 

Printed in US A 89-36 (Rev 9 89) 
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Small Deep Cerebral Infarcts Associated With 
Occlusive Internal Carotid Artery Disease 


A Hemodynamic Phenomenon? 


John A. Waterston, MBBS, FRACP; Martin M. Brown, MD, MROP; Paul Butler, MB, MRCP, FRCR; 


Michael Swash, MD, FRCP, MRCPath 


@ Small deep cerebral infarcts, often 
referred to as lacunes, have been tradi- 
tionally associated with small-vessel dis- 
ease affecting the deep penetrating arte- 
rial system. We describe 10 cases where 
these infarcts were associated with se- 
vere, ipsilateral internal carotid artery oc- 
clusive disease. Seven of these patients 
also had severe occlusive disease of the 
contralateral internal carotid artery. The 
clinical and radiologic features, in combi- 
nation with studies of cerebral blood flow, 
were consistent with hemodynamically 
mediated cerebral ischemia. Occlusive in- 
ternal carotid artery disease may be more 
commonly associated with hemodynamic 
cerebral ischemia than previously be- 
lieved, and small cerebral infarcts in the 
deep arterial border zone areas are likely 
to be an important manifestation of this 
process. 

(Arch Neurol. 1990;47:953-957) 


Q mall deep cerebral infarcts consti- 

tute about 25% of all cases of cere- 
bral infarction.’ In radiologic descrip- 
tions, these infarcts are often referred 
to as lacunes. More than 20 different 
syndromes of lacunar infarction have 
been described, and are recognizable 
by characteristic clinical features.? Al- 
though the term originally evolved 
from pathologic descriptions, it is now 
often used to describe any small deep 
infarcts up to 15 mm in diameter. 
However, the assumption that all 
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small deep infarcts seen on computed 
tomographic (CT) scanning represent 
lacunes, as defined by Fisher, requires 
further pathologic confirmation.‘ In 
most descriptions, lacunar infarction 
has been ascribed to disease of small 
perforating vessels, particularly hy- 
pertensive arteriolar sclerosis.** It is 
therefore assumed that angiography 
or ultrasound examination is not indi- 
cated if the history or CT scan suggests 
lacunar infarction, as any disease of 
the carotid arteries is likely to be coin- 
cidental. However, the absence of hy- 
pertension in up to 40% of patients 
with lacunar infarction suggests that 
other mechanisms, such as embolism 
and carotid occlusive disease, may be 
important.’ Although the frequency of 
carotid disease in lacunar infarction is 
less than 50% of that noted in cortical 
ischemia,'*"' angiographic abnormali- 
ties of the ipsilateral internal carotid 
artery (ICA), including high-grade 
stenosis and occlusion, have been doc- 
umented in up to a third of patients 
with lacunar infarction.» Patho- 
logic examination does not always 
show changes in small vessels, and 
these cases of lacunar infarction have 
often been attributed to embolism? 
Small deep infarcts have also been de- 
scribed in the setting of watershed is- 
chemia and ipsilateral ICA occlusive 
disease." Torvik and Jorgensen” doc- 
umented small lesions, which they 
called terminal infarcts, in the white 
matter supplied by the peripheral 
branches of the middle cerebral artery 
in 5% of their autopsy cases of carotid 
occlusion. 


In this article we describe 10 pa- 
tients with severe stenosis or occlusion 
of the carotid arteries in whom the 
clinical data provide further evidence 
that a hemodynamic mechanism may 
be responsible for some small deep ce- 
rebral infarcts. 


PATIENTS AND METHODS 


During the course of investigation of ap- 
proximately 100 patients with cerebrovas- 
cular disease over a 2-year period, 10 pa- 
tients with small deep cerebral infarcts 
were identified on CT scanning in associa- 
tion with severe ipsilateral ICA stenosis or 
occlusion. Digital subtraction angiography 
was performed in all cases, and all angio- 
grams and CT scans were reviewed by one 
of us (P.B.). Severe carotid stenosis was de- 
fined as more than 75% reduction in lumi- 
nal diameter. Hypertension was defined as 
either a history of treated hypertension or 
blood pressure greater than 160/90 mm Hg? 
on admission, and hypercholesterolemia 
was defined as a fasting cholesterol of more 
than 6.5 mmol/L. Ischemic heart disease 
was diagnosed on the basis of angina pecto- 
ris or previous myocardial infarction. Cere- 
brovascular reserve was determined in four 
patients by measuring the increase in hemi- 
sphere cerebral blood flow during hyper- 
capnia, using the noninvasive xenon 133 
technique.” 


CASE STUDIES 
Clinical Features 


The clinical features of the patients are 
summarized in the Table. In two patients, 
the clinical features at initial presentation 
were consistent with a recognized lacunar 
syndrome (case 4, ataxic hemiparesis; case 
8, sensorimotor stroke). In four other pa- 
tients motor and sensory features were ini- 
tially accompanied by dysphasia, suggest- 
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Case Summaries* 
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side of face and hand 



















Cerebro- 
vascular 
Patient/ Reservet 
Age, y/ Clinical Carotid a 
Sex Features Risk Factors CT Changes Angiography L R 
1/55/M Blackouts on standing, Diabetes mellitus, Bilateral deep infarction R ICA occlusion, severe L 1.4 0.1 
transient R hand ischemic heart dis- in caudate head (Fig ICA stenosis 
tremor ease, smoking 1) 
2/56/M TIAs: R arm weakness, R Hypercholesterolemia, L frontal and centrum L ICA occlusion 
arm and facial sensory hypertension, smoking semiovale infarction 
loss, dysphasia 
3/62/F Minor stroke: generalized Smoking L anterior limb internal L ICA occlusion, severe R 
seizures, dysphasia, R capsule and frontal ICA stenosis 
arm and leg weakness, white matter infarction 
transient R arm tremor (Fig 2) 
4/42/M Minor stroke: R ataxic Diabetes mellitus, hyper- L centrum semiovale in- L ICA occlusion 
hemiparesis; second cholesterolemia, hyper- farction (Fig 3) 
stroke: dysphasia, R tension, smoking 
ataxic hemiparesis 
5/60/M Focal chorea and para- Hypercholesterolemia, R centrum semiovale in- Severe R ICA stenosis 
esthesia, L side of smoking farction 
face, arm, and leg, 
blurred vision R eye 
6/60/M Stroke: R arm and leg Peripheral vascular dis- L capsular, caudate L ICA occlusion, mild R 0.9 0.7 
weakness, persistent R ease, smoking head, and frontal in- ICA stenosis 
arm tremor, mild dys- farction (Fig 4) 
phasia 
7/56/F Minor stroke: weakness, Hypercholesterolemia, Bilateral centrum semi- L ICA occlusion, severe R ei 27 
and sensory loss L hypertension ovale infarction (Fig 5) ICA stenosis 
side of face, arm; TIAs: 
visual blurring, limb 
weakness with ortho- 
stasis and hot showers 
8/55/F Minor stroke: L arm and Hypertension, ischemic R corona radiata infarc- R ICA occlusion, severe L 
leg weakness and sen- heart disease, smoking tion ICA stenosis 
sory disturbance, 
worse on standing 
9/51/M TIAs: L side of face, arm, Hypercholesterolemia, R anterior centrum semi- L ICA occlusion, severe R 2.3 3.5 
leg weakness and sen- ischemic heart dis- ovale infarction ICA stenosis 
sory disturbance, tran- ease, smoking 
sient L arm tremor, 
visual blurring on 
standing 
10/42/M Minor stroke: dysphasia, Hypercholesterolemia, L anterior centrum semi- L ICA occlusion 


ischemic heart dis- ovale infarction 


ease, smoking 

















*CT indicates computed tomography; ICA, internal carotid artery; and TIAs, transient ischemic attacks. 
tCerebrovascular reserve indicates increase in blood flow during carbon dioxide inhalation for each hemisphere expressed as percentage increase in cerebral blood 
flow per millimeters of mercury rise in Pco, (normal, 4.7 + 1.6). 


ing cortical involvement. Other unusual 
features included postural syncope, unas- 
sociated with systemic postural hypoten- 
sion, transient visual disturbance, hemi- 
chorea, and upper limb tremor. Transient 
ischemic attacks were noted in three pa- 
tients; in two they were the only clinical 
manifestation, despite the CT evidence of 
infarction. Various vascular risk factors 
were recognized, including a history of cig- 
arette smoking (nine patients), hypercho- 
lesterolemia (six patients), hypertension 
(four patients), and ischemic heart disease 
(four patients). 
Investigations 

Two major types of abnormality were 
seen on CT (Figs 1 through 5). Infarction 
was noted high in the corona radiata or 
centrum semiovale region in seven patients, 
and in the remaining three patients infarc- 
tion was seen in the region of the caudate 
head and the anterior limb of the internal 
capsule. All the deep infarcts were less than 
15 mm in diameter, although in three pa- 
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tients additional hemisphere infarction 
was evident. Nine patients had ipsilateral 
ICA occlusion, seven of them having severe 
stenosis of the other ICA. One patient had 
a severe stenosis of the ipsilateral ICA. 


Evidence for Hemodynamic Stroke 


Five patients had clinical features sug- 
gestive of hemodynamic compromise; four 
of them noted the onset or exacerbation of 
symptoms with orthostasis, and three pa- 
tients developed transient upper limb 
tremor, unassociated with any electroen- 
cephalographic changes. Four patients had 
studies of cerebrovascular reserve, and sig- 
nificantly diminished responses to hyper- 
capnia were obtained for both hemispheres 
in three patients; the fourth case had di- 
minished reserve on the side contralateral 
to the deep infarct. 


REPORT OF CASES 


Case 4. A 42-year-old man was admitted 
following the onset of right arm and leg 


weakness with ipsilateral limb ataxia. He 
had numerous vascular risk factors, includ- 
ing complicated diabetes mellitus. A CT 
scan showed a small area of deep infarction 
in the left centrum semiovale region (Fig 
3). An initial diagnosis of lacunar infarc- 
tion due to small-vessel disease was made, 
and he was advised regarding risk factors. 
He remained well over the next 4 months 
until the sudden onset of a nonfluent dys- 
phasia, followed by fluctuating right arm 
and leg weakness. An additional area of in- 
farction in the left corpus callosum was now 
evident on CT, and carotid angiography 
demonstrated complete occlusion of the left 
ICA. 

Case 7. A 56-year-old woman suffered a 
minor stroke with left facial weakness and 
sensory disturbance affecting the left side 
of the face and the left arm 3 months before 
referral. She subsequently complained of 
daily attacks of binocular visual blurring 
and bilateral limb weakness associated 
with a pounding sensation in her head. 
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Fig 1.—Bilateral caudate head infarction (ar- 
rows). 


These attacks were often precipitated by 
hot showers or orthostasis and were re- 
lieved by sitting. Examination revealed a 
loud right-sided carotid bruit. Computed 
tomography showed small bilateral deep 
infarcts in both parietal regions (Fig 5), 
and angiography demonstrated severe bi- 
lateral carotid occlusive disease. Cerebral 
blood flow studies showed impaired cere- 
brovascular reserve in both hemispheres. It 
was concluded that the episodes of visual 
blurring and limb weakness were the result 
of transient hemodynamic cerebral is- 
chemia. 


COMMENT 


We describe 10 patients with small 
deep cerebral infarcts associated with 
occlusion or severe stenosis of the ip- 
silateral ICA in whom radiologic, clin- 
ical, and physiologic evidence sug- 
gested that hemodynamic ischemia 
was the cause of the infarction. 

Using CT criteria, the radiologic 
areas of infarction correspond to the 
deep irrigation zones of the ICA.!*2223 
The majority of infarcts were in the 
region of the centrum semiovale and 
corona radiata, a territory supplied by 
long penetrating vessels arising from 
pial vessels. This region is a border 
zone area between the deep cortical 
branches of the anterior and middle 
cerebral arteries (Fig 6, A). Perfusion 
pressure in this area is likely to be 
lower than the surrounding cortex be- 
cause of the length of the vessels and 
low density of arterioles.” In three pa- 
tients the infarcts were located in the 
region of the anterior limb of the 
internal capsule and the caudate head, 
in an area that is also supplied by long 
penetrating arterioles in the border 
zone of supply between the deep perfo- 
rating branches of the arterior and 
middle cerebral arteries and the corti- 
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Fig 2.—Infarction in anterior limb of internal 
capsule (arrow) and frontal white matter on the 
left. 





Fig 4.—Infarction in caudate head and anterior 
limb of internal capsule (arrow), in association 
with frontal infarction on the left. 


cal branches of the middle cerebral 
artery (Fig 6, B and C). Although less 
well recognized than the cortical bor- 
der zone areas that have been previ- 
ously documented,” infarction in the 
deep subcortical border zone areas has 
been described in association with wa- 
tershed ischemia.'*'*?° 

The clinical presentation in five pa- 
tients was highly suggestive of hemo- 
dynamic compromise. Although ortho- 
static transient ischemic attacks are 
rare, they occurred in four of our 
patients and almost certainly repre- 
sent acute hemodynamic cerebral is- 
chemia.”’ Other symptoms such as con- 
fusion, vertigo, dizziness, and ill-de- 
fined visual blurring may also be 
hemodynamically mediated.” The 








Fig 3.—Left centrum semiovale infarction (ar- 
row). 





Fig 5.—Bilateral centrum semiovale infarction 
(arrows). 


clinical improvement in such patients 
following  extracranial-intracranial 
bypass surgery supports the sugges- 
tion that orthostatic transient is- 
chemic attacks are indeed a manifest- 
tion of hemodynamic insufficiency.”*” 
The presence of transient limb shaking 
in three of our patients and syncope in 
one patient is also suggestive of an 
acute hemodynamic disturbance of ce- 
rebral perfusion. In six of our 10 
cases occlusion of one ICA was associ- 
ated with stenosis of the contralatral 
ICA, a situation that is more com- 
monly associated with hemodynamic 
cerebral ischemia.” Investigations of 
cerebrovascular reserve provided ad- 
ditional evidence of hemodynamic in- 
sufficiency in four patients. 
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Fig 6.—Topography of the small deep cerebral infarcts in 10 patients, related to arterial supply 
of deep border zone areas (modified from Damasio’). A, Centrum semiovale and corona radiata 
infarction (patients 2, 4, 5, and 7 through 10). B, Capsular infarction (patient 3). C, Infarction in 
caudate head and anterior limb of internal capsule (patients 1 and 6). | indicates lenticulostriate 
branches (middle cerebral artery); t, thalamoperforating, thalamogeniculate, and posterior chor- 
oidal branches (posterior cerebral artery); a, anterior choroidal and additional branches of inter- 
nal carotid artery; and h, Heubner’s artery (anterior cerebral artery). 


In the absence of pathologic exami- 
nation it is impossible to refute the 
possibility that some of the infarcts we 
detected were the result of occlusion of 
small vessels, despite the evidence for 
hemodynamic compromise. However, 
it was notable that, although there was 
a high frequency of vascular risk fac- 
tors, particularly smoking and hyper- 
cholesterolemia, in common with pre- 
vious studies," hypertension was less 
commonly documented. Furthermore, 
in three patients, additional areas of 
hemisphere infarction were associated 
with the deep cerebral infarcts, pro- 
viding further evidence of large-vessel 
disease, and it seems reasonable to 
conclude that in the other cases with 
cortical symptoms, associated cortical 
ischemia may not have been detected 
on CT. One cannot entirely exclude 
thromboembolism as a cause for these 
infarcts, but clinical evidence does not 
support this mechanism. Routine 
echocardiography was not performed 
in our series, but there was no clinical 
evidence of a potential cardioembolic 
source in any of our patients. 

Although many of these infarcts 
could be diagnosed as lacunes on CT 
criteria, the clinical features were of- 
ten atypical. Sensorimotor stroke has 
been described in association with la- 
cunar infarction, but pure motor or 
sensory syndromes occur far more 
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commonly.? Hemichorea has also been 
reported?“ and it has been suggested 
that this be considered one of the lacu- 
nar syndromes.” Two of our patients 
presented with transient ischemic at- 
tacks only, in the setting of cerebral 
infarction on CT. This has been termed 
cerebral infarction with transient 
signs, and has previously been re- 
corded as a feature of small deep in- 
farcts associated with ipsilateral ca- 
rotid occlusion. The terminology of 
lacunar infarctions is confusing, espe- 
cially when entities such as “giant 
lacune” are used to describe large deep 
infarcts in the capsular region.’ Some 
authors have strict clinical and radio- 
logic criteria for the diagnosis of lacu- 
nar infarction, including the absence 
of any angiographic abnormality in 
the territory of the involved vessel.* 
Although this definition provides a 
classification, it somewhat defeats the 
purpose of differentiating typical la- 
cunar infarcts from other forms of ce- 
rebral infarction, as one of the prime 
aims is to avoid invasive diagnostic 
procedures such as angiography. Con- 
versely, to use the term lacune to 
describe all deep infarcts, irrespective 
of their size or location, erroneously 
implies a common pathogenesis.” 
Furthermore, classic syndromes of la- 
cunar stroke are not always due to 
small deep infarcts, and have been as- 


sociated with cortical infarction or 
ICA occlusive disease in some 
cases. !9384° 

We consider the term lacune mis- 
leading as it implies a common cause in 
all cases, namely small-vessel disease, 
whereas our study shows that such in- 
farcts may sometimes be secondary to 
large-vessel occlusion. Rather than 
calling all small deep infarcts lacunes, 
we consider a description of the site of 
infarction more instructive, particu- 
larly when infarcts occur in border 
zone areas. A case can be made for re- 
serving the term for pathologic de- 
scriptions only, as was originally in- 
tended, but even pathologic descrip- 
tions suffer from lack of precision, as 
the term has been used to describe 
both small deep cerebral infarcts and 
the dilated perivascular spaces seen 
around arteriosclerotic vessels in deep 
white matter.“ Landau” has recently 
provided a succinct criticism of the 
lack of definition implied in the current 
usage of the term lacune. 

It has been suggested that the clus- 
tering of ischemic events that occurs at 
the time of ICA occlusion is mostly he- 
modynamic rather than embolic in 
origin.” Previous studies have re- 
ported an association between small 
deep infarcts and ipsilateral carotid 
occlusion.'*" Others have described 
cases of large comma- or lens-shaped 
striatocapsular infarcts involving this 
deep irrigation zone of the ICA, located 
in the caudate head and anterior limb 
of the internal capsule, and sometimes 
extending into the putamen and co- 
rona radiata°***5 In the series re- 
ported by Bladin and Berkovic,” these 
infarcts were associated with severe 
ICA stenosis in six of eight patients. In 
this series there was electroencepha- 
lographic evidence of cortical involve- 
ment, and circulatory insufficiency in 
the region of the lenticulostriate ar- 
teries from more proximal obstruction 
by stenosis or embolism was postu- 
lated as the cause of the infarcts. In a 
study of 24 similar cases,“ there were 
12 patients with ipsilateral ICA occlu- 
sion, including two who presented with 
symptoms related to change in posture 
and five with presumed cardioembolic 
middle cerebral artery occlusion. Some 
authors have postulated that many of 
these large infarcts are the result of 
low cerebral perfusion due to middle 
cerebral artery or ICA stenosis or 
occlusion.2*“*4” Although the infarcts 
in our series were smaller than those 
described in these earlier series, the 
location was similar, raising the pos- 
sibility of a common pathogenesis. 

Pathologic studies of the mecha- 
nisms of deep cerebral infarction have 
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been few. In one of Fisher’s* landmark 
studies analyzing the pathologic fea- 
tures of capsular infarction, changes 
in the penetrating arteries in the vas- 
cular territories of the infarcts were 
described. Appropriate obstructive le- 
sions in the small perforating arteries 
were found in nine of 11 infarcts, but in 
the other two cases the penetrating 
vessels were found to be patent. In one 
of the latter patients with an ataxic 
hemiparesis (case 2), the symptoms 
began on arising one morning and 
were attributable to infarction in the 
putamen adjacent to the internal cap- 
sule. No occlusion was found in the 
penetrating arteries and there was no 
obvious embolic source, but the cervi- 
cal segment of the ICA was not exam- 
ined. The second case without obstruc- 
tive pathologic features in the small 
arteries (case 4) was notable by the 
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presence of superficial infarction of 
similar age in the cerebral cortex ipsi- 
lateral to the deep infarct in the pos- 
terior limb of the internal capsule and 
putamen occurring in a normotensive 
patient. No examination of the cervical 
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were explained by embolism, no obvi- 
ous embolic source was found. In both 
these cases the areas of infarction in 
the posterior limb of the internal cap- 
sule and adjacent putamen were in the 
border zone areas between the deep 
perforating arteries and insular 
branches of the middle cerebral 
artery,‘ and hemodynamic ischemia 
must be considered a more likely cause 
than embolism. 

We conclude that while the majority 
of small deep infarcts are clearly the 
result of small-vessel disease and are 
strongly associated with hypertension, 
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Clinical Significance of Carotid Plaque Hemorrhage 


Nathan M. Bornstein, MD; Adam Krajewski, MD; Anthony J. Lewis, MD, FRCPC; John W. Norris, MD, FRCP 


@ We correlated the clinical and patho- 
logic findings in 77 consecutive carotid 
plaques removed at endarterectomy to 
determine the clinical role of intraplaque 
hemorrhage. Intraplaque hemorrhages of 
various severity were seen in 86% of 
plaques. They were, for the most part, 
deeply located (63%) and infrequently 
connected with the lumen. They related 
closely to the severity of carotid stenosis, 
but bore no relationship to the timing of 
symptoms. Luminal thrombus was infre- 
quently seen, and was always micro- 
scopic. Hemorrhage into carotid plaque 
appears to represent an index of the se- 
verity of the stenosis and plaque instabil- 
ity rather than to play a direct role in the 
pathogenesis of transient ischemic at- 
tacks or stroke. 

(Arch Neurol. 1990;47:958-959) 


Carotid artery atheromatous disease 

is of unquestioned importance in 
the pathogenesis of some forms of ce- 
rebral ischemia. Although atheroma- 
tous plaques have been the subject of 
intensive study since the mid-19th 
century,' it was not until 1951 that 
Fisher? related carotid plaques to 
thromboembolic stroke. However, the 
precise mechanism underlying these 
processes remains poorly understood. 
Initially, strokes were thought to occur 
on the basis of hemodynamic in- 
sufficiency,’ but it is now believed that 
embolism from a carotid plaque is one 
of the commonest mechanisms.** 

There has been considerable empha- 
sis on the role of intraplaque hemor- 
rhage as well as of surface clot in the 
pathogenesis of carotid artery stroke 
following extensive clinicopathologic 
analyses.’? 

We prospectively evaluated 77 con- 
secutive carotid endarterectomy spec- 
imens and failed to discover any cor- 
relation between age and location of 
intraplaque hemorrhage, luminal clot, 
and ischemic brain events. We believe 
that the hemodynamic theory of ca- 
rotid stroke should be carefully reeval- 
uated. 


PATIENTS AND METHODS 


We prospectively obtained all consecu- 
tive surgically removed carotid plaques at 
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Intraplaque hemorrhage communicating with the lumen through a fissure in the fibrous cap. 


Table 1.—Size, Location, and Age of 83 Plaque Hemorrhages in 
66 Hemorrhagic Plaques 


Location 
oer >. 


Small Medium 


Large 
23 16 44 52 


Deep 





this institution between 1985 and 1988. 
Clinical history of neurologic symptoms 
was obtained by direct questioning of the 
patient and by chart review. Patients were 
classified as symptomatic if they had expe- 
rienced focal symptoms of cerebral is- 
chemia, ipsilateral to the carotid lesion. 
Preoperatively, all patients underwent du- 
plex scanning and angiography. The deter- 
mination of internal carotid artery stenosis 
was based on angiographic evaluation. The 
endarterectomy was performed with the 
patient under general anesthesia, and 
plaques that could not be processed for ad- 
equate pathologic examination were not 
included in the study. After opening the lu- 
men to inspect the plaque, the surgeon 
completed a standardized protocol describ- 
ing the plaque appearance, including ulcer- 
ation, and the presence and estimated age 
of any hemorrhages or luminal thrombus. 
Also, the time delay between symptoms and 
surgery was recorded. 

The entire length of the specimen was 
fixed in formaldehyde solution, decalcified, 
and embedded in paraffin, and 6-mm-thick 
sections were cut and stained with hema- 
toxylin-eosin. Ten to twelve transverse 
blocks, 2 mm in thickness, were obtained. 
Histologic features were assessed, includ- 
ing the presence of intraplaque hemor- 
rhages and luminal thrombus. Hemor- 


Subintimal 





Acute Recent Remote 


31 9 34 


rhages were classified, but not stained, ac- 
cording to Lusby et alè as recent (<1 week), 
subacute (1 to 6 weeks), and remote (>6 
weeks), as well as deep, subintimal, and 
communicating with the lumen. The size of 
the hemorrhage was defined as small 
(<10% of plaque thickness), medium (10% 
to 50% ), and large (>50% ). Luminal throm- 
bus was recorded as either present or ab- 
sent. The age, location, and size of hemor- 
rhages were related to the degree of steno- 
sis and to the timing of ischemic cerebral 
symptoms. The relationship of the presence 
and size of plaque hemorrhages to degree of 
stenosis and the relationship of the age of 
intraplaque hemorrhage to the timing of 
symptoms were analyzed by x? test and lo- 
gistic regression. 


RESULTS 


A total of 77 consecutive carotid 
endarterectomies were performed 
over 30 months on 71 patients. All 
symptomatic patients had presented 
with either transient ischemic attacks 
or transient monocular blindness. 
There were 51 men and 20 women, with 
a mean age of 67 + 7 years. Seventy- 
one procedures were performed on 
symptomatic arteries and six on 
asymptomatic arteries. 
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Table 2.—Presence or Absence of 
Hemeorrhages in 77 Plaques 
According to Degree of Stenosis 


% Stenosis 
<a A CN, 


Plaque Type 50-79 80-89 90-99 


Table 3.—Size of Plaque 
Hemorrhages Correlated With Degree 
of Carotid Stenosis 


% Stenosis 
Size of Oo aana 
Hemorrhage 50-79 80-89 90-99 





Hemorrhage 
No hemorrhage 
Total 


Intraplaque hemorrhage occurred in 
66 (86% ) of the 77 plaques. There were 
83 hemorrhages in the 66 hemorrhagic 


` plaques, and these were deeply located - 


in 52 (63%) and subintimal in the 
remaining 31 (87% ). Of these, only 11 
(18%) were connected to the lumen 
(Figure) (Table 1). 

Although intraplaque hemorrhages 
were seen predominantly in plaques 
with severe (>90%) stenosis, this was 
not statistically significant, but the 
numbers were small (Table 2). This 
tendency was also seen in the size of 
plaque hemorrhage, but again was not 
significant (Table 3). 

The hemorrhages did not relate in 
time to symptomatology. Recent hem- 
orrhages were as frequent as remote 
and had no correlation with the timing 
of symptoms (Table 4). Luminal clots 
were infrequent: 21 (27%) of 77. 


COMMENT 


Nearly 40 years after the discovery 
of extracranial carotid atherome as a 
cause of stroke, the responsible event 


_or mechanism remains uncertain. The 


importance of intraplaque hemor- 
rhage in the genesis of ischemic hemi- 
spheric events is unresolved.’ In our 
study, as in some previous studies,’™ 
plaque hemorrhages did not relate di- 
rectly to symptoms, but appeared to 
increase with severity of carotid steno- 
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Large 38 
Medium 9 
Small 16 





sis, as previously described.”"* Thus, 
they may simply represent an index of 


plaque “instability” indicating, in~ 


some cases, imminent plaque dis- 
ruption.’ Intraplaque hemorrhages 
may sometimes relate to acute expan- 
sion of carotid stenosis compromising 
the blood flow and so indirectly causing 
hemodynamie ischemic cerebral 
symptoms. This is in agreement with 
the pathologic observation that the is- 
chemic cerebral events closely relate to 
the time of arterial occlision.” 

The relationship between neovascu- 
larization and intraplaque hemor- 
rhage has been debated for many 
years.’ In our study, the deep location 
of large hemorrhages occurring pre- 
dominantly in severely stenotic 
plaques may reflect the site of. fragile 
neovascularization.”” Although lumi- 
nal clots were rare and never large 
enough to suggest an embolic poten- 
tial, this may result from surgical ar- 
tifact caused by irrigation of the ar- 
tery rather than reflect the true state 
of affairs. Fisher and Ojemann“ found 
mural thrombus in 77% of patients 
with transient ischemic attack, in 96% 
of those with transient monocular 
blindness, and in only 21% of those 
with asymptomatic arteries. 

Imparato et al'® suggested that anti- 
coagulants and antiplatelet drugs 
might produce hemorrhage into some 
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plaques and that therefore their role 
should be carefully evaluated in terms 
of plaque morphology. However, sub- 
sequent studies investigating this 
relationship found no difference in 
plaques removed from patients, 
whether or not they had received these 
drugs.?#619 

Numerous studies have produced a 
mass of conflicting data concerning the 
relationship of plaque pathology to 
symptoms. Most were retrospec- 
tively performed on symptomatic ar- 
teries, did not have a large enough 
group of asymptomatic plaques for 
comparison, and did not utilize intact 
plaques. More prospective, carefully 
designed studies are needed on plaque 
pathology, since it is clear from recent 
studies that hemodynamic symptoma- 
tology is much more common than is 
presently accepted. This may also have 
a bearing on the role of antiplatelet 
agents in the prophylaxis of stroke. 
However, since, so far, no role in symp- 
tomatology has been assigned to 
plaque hemorrhages, there seems no 
reason to consider aspirin a potential 
hazard in their production. 
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Transcranial Doppler Ultrasonography of the Middle | 
Cerebral Artery in the Hemodynamic Assessment 
of Internal Carotid Artery Stenosis 


Roger E. Kelley, MD; Richard A. Namon; Shing-Her-Juang, PhD; Shih-Chang Lee, PhD; Jen Y. Chang, MS 


ə We performed transcranial Doppler 
ultrasonography of the middle cerebral ar- 
teries in 43 patients who underwent cere- 
bral anglography. Twelve patients had nor- 
mal arteriograms, 18 had internal carotid 
artery stenosis, and 13 had compiete oc- 
clusion. Parameters measured included: 
flow velocity (mean, maximum, and peak 
systolic), flow acceleration, systolic-to-di- 
astolic ratio, and pulsatility index. Patients 
with 75% to 100% stenosis had lower av- 
erage ipsilateral flow acceleration and 
mean velocity than did normal subjects. 
Correlation analysis revealed an inverse 
relationship between degree of stenosis 
and ipsilateral flow acceleration, as well 
as ipsilateral mean velocity. These corre- 
lations were no longer significant when we 
excluded normals, however. There was a 
linear relationship between right and left 
velocity values for both normal subjects 
and patients with occlusion but not for pa- 
tients with stenosis. This technique has 
potential for the reliable assessment of 
the hemodynamic effect of carotid steno- 
sis on Intracranial circulation. 

(Arch Neurol. 1990;47:960-964) 


Transcranial Doppler (TCD) ultra- 

sonography is a means of noninva- 
sively assessing the intracranial 
circulation.’ Despite its increasing 
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popularity, its potential clinical utility 
in measurement of intracranial hemo- 
dynamics requires further evaluation 
of sensitivity, specificity, and repro- 
ducibility. One potential application of 
TCD is in the indirect assessment of 
internal carotid artery (ICA) stenosis. 
Measurement of the relatively acces- 
sible middle cerebral artery (MCA) 
velocity and pulsatility index (PI) has 
been found to provide a reasonably re- 
liable assessment of ipsilateral ICA 
stenosis.” In this study, we compared 
the values of six MCA velocity indexes 
to cerebral angiographic findings in 43 
patients. Our patients consisted of 12 
with normal angiographic findings, 
termed normals for the purpose of 
simplicity, as well as 31 with varying 
degrees of ICA stenosis, including 18 


with total occlusion. This allowed us to 








Table 1.—Summary of Parameters Measured by Transcranial Doppler Ultrasonography 


perform a correlation analysis of the 
MCA flow velccity characteristics as a 
function of the degree of ICA stenosis. 


PATIENTS AND METHODS 
Theory 


We performed TCD between August 1987 
and May 1989 in 43 consecutive patients 
who subsequently underwent cerebral an- 
giography. Transcranial Doppler ultra- 
sonography was performed with a commer- 
cially available unit (Biosound 4/VP, Bio- 
sound, Indianapolis, Ind). The velocity, for 
a 2-mHz transducer probe, is calculated 
with the follewing formula‘ 


y= 39 XFX cos 6 


where v indicates velocity in centimeters 
per second; f, Doppler shift in kilohertz; 
and cos f, the cosine of the angle between 
the transmitted sound beam and the direc- 
tion of blood flow. Our unit provides on-line 
measurement of the following: mean veloc- 





















































Parameters Definition Unit of Measurement 
Mean velocity Averaging of mean systolic and mean cm/s 
(Vmean) | diastolic components of the Doppler 
i waveform envelope 
Maximum velocity Averaging of peak systolic and peak cm/s 
{Vmax} diastolic components of the Doppler 
F waveform envelope 
Peak systolic Peak systolic component of Doppler cm/s 
velocity (Vpeak) waveform envelope 
Flow acceleration ` Difference in velocity at start of Doppler cm/s? 


(FA) waveform and at peak of Doppler 











Pulsatility index 


waveform divided by time differential 


(Ph* Vpeak — Vend diastolic / Vmax 





Systolic-to-diastolic 
velocity ratio (S/D) 





Vpeak divided by end diastolic velocity ioe 
* Our particular Doppler unit calculates the PI with the Vmax in the denominator, while other units might use 







the Vmean in the denominator.’ Vend indicates end velocity. 
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Table 2.— Summary of Raw Data Measured by Transcranial Doppler Ultrasonography * 


ICA FA, Vpeak, Vmax, Vmean, 

Stenosis PI $/D ems? cm/s cm/s cm/s 
Patient ——~——-. mr OS. COO OO 
No. R L R L R L 
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. 202 247 74 95 52 69 38 42 
“ICA indicates internal carotid artery; Pl, pulsatility index; S/D, systafic-to-diastolic ratio; FA, flow acceler- 








ation; Vpeak, peak systolic velocity; Vmax, maximum velccity; and Vmean, mean velocity. Raw data consists 
of the degree of internal carotid artery stenosis and middle cerebral artery parameters. 


ity (Vmean), mean peak velocity (Vmax), 
peak systolic velocity (Vpeak), systolic-to- 
diastolic velocity ratio (S/D), PI, and flow 
acceleration (FA) (Table 1). 

The Doppler shift was measured at a 
depth ranging from 4.8 to 6.3 cm in the 43 
patients studied. The Doppler shift was 
“optimized” in each case by adjustment of 
the insonation angle.‘ The insonation angle 
required for arteries of the circle of Willis 
is between 0 and 30° and the cosine fluctu- 
ates between 1 and 0.86, so that the maxi- 
mal error is less than 15%.’ 

The PI, along with the S/D, are pulsatil- 
ity monitors and reflect the relationship of 
pulsatile to total flow. Pulsatility appears to 
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be affected by the presence of arterial 
stenosis and collateral flow.2 A previously 
reported means of presentation of the Pl is 
termed the pulsatility transmission index 
(PTI)? The PTI is derived by expressing the 
PI of the arzery of record as a percentage of 
a presumably normal other intracranial 
artery. The use of this index assumes that 
the referenze vessel is indeed normal and it 
has the potential to introduce an additional 
source of error. 


Patient Population and Cerebral 
Arteriography 


The 48 patients ranged in age from 10 to 
76 years, with a mean age of 45.9 years for 







the 12 patients with normal cerebral arte- 
riograms, 58.7 years for the 31 patients with 
varying degrees of stenosis, and 55.1 years 
for all patients. There were 18 men and 25 
women. Of the 12 patients with normal ar- 
teriograms, 2 had small deep (basal gangli- 
onic) tumors, 1 had a small extradural 
brain-stem tumor, 1 had had a possible 
subarachnoid hemorrhage 3 months previ- 
ously, and 8 patients had apparent tran- 
sient ischemic attack (TIA). Of those pa- 
tients with apparent TIA, 1 had mitral 
valve prolapse as a possible mechanism, 1 
had a patent foramen ovale as a presump- 
tive mechanism, 1 had a cardiac arrhyth- 
mia as a probable mechanism, and the other 
5 had migraine as a possible explanation for 
their symptoms. Of the 31 patients with 
varying degrees of stenosis (ranging from 
30% to 100%), 22 had TIA, 7 had completed 
infarction, and 2 had asymptomatic bruit. 
All subjects had at least one noncontrast 
computed tomographic brain sean. 

Two patients were excluded from our 
study because of the presence of significant 
MCA stenosis, as this study was performed 
to assess the distal hemodynamic effect of 
ICA stenosis on a nonstenotic MCA. In ad- 
dition, six patients were excluded because 
we were unable to insonate an adequate 
Doppler signal due to limited bony win- 
dows. 

The cerebral arteriograms were all per- 
formed within 3 weeks of the TCD study 
and were read blindly by a neuroradiologist 
who was not aware of the TCD findings. The 
percentage of maximum luminal area 
stenosis, by biplanar images, was calcu- 
lated with the formula’ 


% Stenosis = [100% (1 — A?/B%)] + [100% 
(1 — A’2/B’)/2 


where A is the width at the area of greatest 
stenosis on lateral view; A’, the same mea- 
surement on anteroposterior view; and B, 
the “normalized” arterial width distal to 
the stenosis on lateral view, with B’ the 
same measurement on anteroposterior 


_view. This formula is derived from the 


fractional percent diameter stenosis in one 
plane, 1 — (A/B), while the fractional per- 
cent area stenosis is 1 — (A/B)*." In two 
planes, the mean percent area stenosis rep- 
resents the sum of the percent narrowing 
on the two images divided by 2.° Partic- 
ular attention was also paid to the intra- 
cranial views with reference to collateral 
circulation from extracranial vessels, the 
circle of Willis, and leptomeningeal anas- 
tomoses. 


Statistical Analysis 


The initial analysis involved a compari- 
son of group mean values in the 12 normal 
subjects for each of the parameters mea- 
sured by TCD, with the results obtained in 
patients with high-grade ICA stenosis or 
occlusion, ie, 75% or greater, as this degree 
of stenosis is associated with hemodynamic 
significance.>*!! This comparison was 
made with a two-sample t test specifically 
assessing mean values of the two groups, 
assuming a normal distribution. 

In addition, we looked at the relationship 
between the degree of ICA stenosis and ip- 
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Table 3.—Comparison of Transcranial Doppler Middle Cerebral Artery Values* 


Normal Subjects 
(N = 12) 


Mean 


Patients With 


Stenosis (N = 24) 





Pulsatility index 0.68 


0.84 





Systalic-to- 
diastolic ratio 1.9 


eee 
Mean 





Flow acceleration, 
cm/s? 592 





Peak systolic 
velocity, cm/s 








Maximum velocity, 
cm/s 








Mean velocity, 
cm/s 
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“Values are obtained from normal subjects and patients with 75% to 100% internal carotid artery steno- 
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Fig 1.—Top, Relationship of the flow acceleration to the ipsilateral degree of internal carotid ar- 
tery stenosis. Bottom, Relationship of the mean velocity to the ipsilateral degree of internal carotid 


artery stenosis. 
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Table 5.—Correlation Analysis of Left Middle Cerebral Artery to Right Middle Cerebral 
Artery Transcranial Doppler Measurements for Three Study Groups 


Normal Subjects 
Transcranial {N = 12) 
Doppler 


Parameter’ 


Stenosis 
{N = 18) 


Occlusion 
{N = 13) 





Pulsatility index 





Systolic-to- 


` diastolic ratio 





Flow acceleration, 
cm/s? 





Peak systolic 
velocity, cm/s 


- <.00001 





Maximum velocity, 
cm/s 


<.01 





Mean velocity, 
cm/s 
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<.04 





Table 4.—Correlation Analysis of 
Relationship Between Degree of 
Internal Carotid Artery Stenosis and 
Measured Parameters * 


Transcranial 
Doppler Parameter 


Pulsatility index 
Systolic-to- 
diastolic ratio 
Flow acceleration, 
cm/s? 
Peak systolic 
velocity, cm/s 
Maximum velocity, 
cm/s 
Mean velocity, cm/s 





*Parameters are measured by transcranial Dop- 
pler ultrasonography in 43 subjects. 


silateral TCD values by linear correlation 
analysis." We also analyzed side-to-side 
differences in the MCA flow velocity char- 
acteristics by the assessment of a possible 
linear correlation between the left MCA 
values vs the right MCA values in normals, 
patients with ICA stenosis, and patients 
with ICA occlusion. : 


RESULTS 


The raw data from the 43 patients 
are summarized in Table 2. In 2 of 11 
subjects with high-grade stenosis, ie, 
75% to 99%, we observed some degree 
of cross-filling of the ipsilateral MCA 
from the contralateral ICA via the an- 
terior communicating artery. This 
conduit was observed to be the most 
important collateral channel in 10 of 
18 patients with ICA occlusion, while 
reconstitution of the supraclinoid ICA 
via the ophthalmic artery was ob- 
served in 2 patients, and leptomen- 
ingeal anastomosis from the posterior. 
circulation was the primary conduit in 
1 patient. i 

We compared mean values of the PI, 
S/D ratio, FA, Vpeak, Vmax, and 
Vmean in the 12 normals (which rep- 
resented the mean values from the two 
MCAs) with the 24 patients who had 
75% to 100% ICA stenosis. Each MCA 
value represented the ipsilateral ICA 
with the greatest degree of stenosis 
in each of the 24 patients.. The 
mean + SD values are summarized in 
Table 3 along with the two-sample t 
test analysis. The flow velocity values 
were lower, on the average, on the side 
of the high-grade stenosis or occlusion, 
with Vmean achieving statistical sig- 
nificance at P <.01. The FA was also 
significantly lower, with ¢ = 6.32 and 
P <.001. On the other hand, the Pl and 
S/D ratio were both somewhat higher 
on the side of significant stenosis, sug- 
gesting a tendency toward increased 
pulsatility of the flow distal to the site 
of high-grade stenosis or occlusion. 


We performed a correlation analy- 
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t = .90 
P < .0001 


r= .92 
P < .00001 
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Fig 2.—Relationship of the left middle cerebral artery to right middle cerebral artery peak systolic 
velocity in norma! subjects, patients with internal carotid artery stenosis, and patients with internal 


carotid artery occlusion. 


Table 6.—Correlation Analysis of Degree of Internal Carotid Artery Stenosis, ` 
High-grade vs Lower-grade, and Ipsilateral Middle Cerebral Artery Transcranial 
i Doppler Measurements 


Carotid Stenosis, 
<75% IN = 7) 


Transcranial 
Doppler 


Parameter 


Carotid Stenosis, 
75%-99% (N = 11) 





Pulsatility index ` 





Systolic-to-diastolic ratio 





Flow acceleration, cm/s? 





Peak systolic velocity, cm/s 





Maximum velocity, cm/s 





Mean velocity, cm/s . 


sis, for all subjects, looking at degree of 
stenosis vs the TCD values of the ipsi- 
lateral MCA (Table 4). For the normal 
subjects and for those patients with an 
equivalent degree of stenosis on both 
sides, we used mean TCD values. Oth- 
erwise, the TCD values represented 
the MCA ipsilateral to the ICA with 
the greatest degree of stenosis or oc- 
clusion. We found a statistically sig- 
nificant inverse linear correlation for 
both the FA (r = —.72, P < .00001) and 
the Vmean (r = —.38, P = .01). Of note, 
the correlations appear to be weighted 
by the contribution of the normal sub- 
jects (Fig 1). If we exclude the 12 nor- 
mal subjects, a strong correlation was 
not seen for either the Vmean (r = —.1, 
P= .6) or the FA (r= —.8, P= .07). 
This finding is not necessarily related 
to age, as we did not observe a cor- 
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relation between age and any of the 
TCD parameters in the 12 normal sub- 
jects. ; i 
We also assessed side-to-side differ- 
ences between the two MCGA values for 
normals, patients with stenosis, and 
patients with occlusion. The results 
are summarized in Table 5. Theoreti- 
cally, with increasing ICA stenosis or 
occlusion, the contralateral ICA could 
become of increasing importance in 
affecting the flaw characteristics of 
both the ipsilateral and contralateral 
MCA. For normal subjects, not unex- 
pectedly, there was a linear relation- 
ship for all of the TCD parameters be- 
tween the two sides. Patients with ICA 
occlusion also had a significant corre- 
lation between fow velocity values on 
the side of ICA occlusion vs the con- 
tralaterz] velocities. On the other 


hand, such a relationship was not seen 
for the 18 subjects with ICA stenosis. 
The strong linear relationship for the 
Vpeak in normal subjects and in pa- 
tients with occlusion, but not for pa- 
tients with stenosis, is demonstrated 
in Fig 2. When the patients with steno- 
sis were placed into the hemodynami- 
cally significant and nonhemodynami- 
cally significant groups, the pulsatility 
parameters did have a linear relation- 
ship for the high-grade stenosis group 
(Table 6). 


COMMENT 


In the normal state, blood moves 
through an artery in such a fashion 
that the central flow, along the axis, 
travels faster than that along the ves- 
sel wall. The particles of blood are 
flowing in a series of laminae parallel 
to the sides of the vessel. The blood 
that is in contact with the vessel wall 
is essentially stationary, and each suc- 
cessive lamina slides against the vis- 
cous friction of the lamina outside of it. 
The shape of the blood flowing through 
an artery, in the normal state, is thus 
parabolic, and the flow pattern is 
termed laminar." The flow pattern is 
not homogeneous, and the Doppler 
shift of the moving column of blood 
will be reflective of systolic and dias- 
tolic components. Doppler waveform 
analysis allows measurement of selec- 
tive components of the waveform, in- 
cluding Vmean, Vmax, and Vpeak, as 
well as how fast the flow velocity 
changes per unit time, ie, the FA. 

The pressure drop of the blood flow 
across a stenotic artery will be a func- 
tion of the degree of stenosis and the 
shape of the stenosis, and it will also be 
related directly to the square of the 
mean velocity. Beyond the area of 
tightest constriction, there will be an 
area of relative expansion that con- 
tributes to the increased turbulence of 
flow beyond the stenosis. The mean 
flow velocity has the greatest physio- 
logical significance, as it is less depen- 
dent.on central cardiovascular factors 
than either the pure systolic or dias- 
tolic components.” After the achieve- 
ment of hemodynamically significant 
stenosis, the flow velocity and the flow 
acceleration decrease rapidly." 

Transcranial Doppler ultrasonogra- 
phy does appear to have potential in 
the indirect assessment of hemody- 
namically significant ICA stenosis, 
based on our data. However, the in- 
herent assumptions that need to be 
made about cerebrovascular anatomy, 
as well as pathology, are a major lim- 
itation of TCD, unless a cerebral arte- 
riogram is also performed. Also, the 
problem of accuracy and reproducibil- 
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ity, including technical limitations, 
must be considered.’ We were unable, 
for example, to insonate an adequate 
Doppler signal in six potential pa- 
tients. Furthermore, as mentioned 
previously, the calculation of the ve- 
locity is a function of the cosine of the 
angle of insonation.* Even though the 
maximum potential error is relatively 
small, at less than 15% for one MCA 
velocity measurement,’ the potential 
error could approach 30% when com- 
paring two MCA values. 

We found absolute values of the 
Vmean and FA to have an inverse lin- 
ear relationship with the degree of ip- 
silateral stenosis. This was not the 
case when we excluded the 12 normal 
subjects, however. This might reflect a 
clustering of the hemodynamically 
significant subjects (N=24) vs a 
smaller number of nonhemodynami- 
cally significant patients (N = 7). This 
failure to observe a strong linear re- 
lationship between TCD values and the 
degree of ICA stenosis is not necessar- 
ily unexpected. The MCA values can be 
viewed as distal (indirect) markers of 
hemodynamic significance. A stenosis 
of 75% or greater is generally required 
in order to be detected by indirect tests 
of the carotid circulation, such as 
oculoplethysmography and periorbital 
Doppler ultrasound.>**” Furthermore, 


1. Bishop CCR, Powell S, Rutt D, Browse NL. 
Transcranial Doppler measurement of middle ce- 
rebral artery blood flow velocity: a validation 
study. Stroke. 1986;17:913-915. 

2. Lindegaard K-F, Bakke SJ, Grolimund P, et 
al. Assessment of intracranial hemodynamics in 
carotid artery disease by transcranial Doppler 
ultrasound. J Neurosurg. 1985;63:890-898. 

8. Schneider PA, Rossman ME, Bernstein EF, 
et al. Effect of internal carotid artery occlusion on 
intracranial hemodynamics: transcranial Dop- 
pler evaluation and clinical correlation. Stroke. 
1988;19:589-593. ; ' 

4. Aaslid R. The Doppler principle applied to 
measurement of blood flow velocity in cerebral 
arteries. In: Aaslid R, ed. Transcranial Doppler 
Ultrasonography. New York, NY: Springer-Ver- 
lag NY Inc; 1986:23-38. 

5. Gosling RG, King DH. Arterial assessment 
by Doppler ultrasound. Proc R Soc Med. 1974; 
67:447-449. ` 

-6. Harders A. Neurosurgical Applications of 
Transcranial Doppler Ultrasonography. New 
York, NY: Springer-Verlag NY Inc; 1986:7. 

7. Aaslid R, Markwalder Th-M, Nornes H. Non- 
invasive transcranial Doppler ultrasound record- 
ing of flow velocity in basal cerebral arteries. J 
Neurosurg. 1982;57:769-774. 

8. Aaslid R, Lindegaard K-F. Cerebral hemo- 
dynamics. In: Aaslid R, ed. Transcranial Doppler 
Ultrasonography. New York, NY: Springer-Ver- 
lag NY Ine; 1986:80. 


964 Arch Neurol—Vol 47, September 1990 


- the flow velocity of the MCA will, 
‘unlike other indirect tests, be depen- 


dent on the intracranial collateral 
channels that develop for a particular 
patient. 

We observed a linear relationship 


. between the TCD parameters when 


comparing the left MCA with the right 
MCA in normal subjects. In addition, a 
linear relationship was observed for 
velocity measurements in patients 
with occlusion but not in those with 
stenosis. A linear relationship was not 
found, even for high-grade stenosis. 
This suggests that, as long as there is 
a conduit via the ipsilateral ICA, the 
MCA flow velocity and acceleration 
will not necessarily be directly depen- 
dent on cross-flow from the contralat- 
eral ICA. This cross-flow was observed 
in only 2 of 11 patients with high-grade 
stenosis. On the other hand, the pres- 
ence of significant cross-flow from the 
contralateral ICA in 10 of 18 patients 
with ICA occlusion would appear to 
explain the linear correlation observed 
between the MCA flow velocities. 

The Vmean and FA were both sig- 
nificantly lower on the side of a high- 
grade ICA stenosis or occlusion. 
Schneider et al? reported a significant 
reduction in both the MCA velocity 
and PI ipsilateral to ICA occlusion 
when compared with contralateral 


References 


9. Wiebers DO, Folger N, Forbes GS, et al. 
Ophthalmodynamometry and ocular plethysmog- 
raphy for detection of carotid occlusive disease. 
Arch Neurol. 1982;39:690-691. 

10. Archie JP, Feldtman RW. Critical stenosis 
of the internal carotid artery. Surgery. 1984; 
89:67-72. 

11. Bishop CCR, Powell S, Insall M, et al. Effect 
of internal carotid artery occlusion on middle ce- 
rebral artery blood flow at rest and in response to 
hypercapnia. Lancet. 1986;1:710-712. 

12. Roscoe JT. The ¢ test for two related sam- 
ples. In: Fundamental Research Statistics for the 


_ Behavioral Sciences. New York, NY: Holt Rine- 


hart & Winston; 1969:170-174. 

13. Edwards AL. The correlation coefficient. In: 
Statistical Analysis. New York, NY: Holt Rinehart 
& Winston; 1974:70-89. 

14. McDonald D. The nature of flow in a liquid. 
In: McDonald R, ed. Blood Flow in Arteries. Lon- 
don, England: Edward Arnold Ltd; 1960:11. 

15. Young DF, Tsai FY. Flow characteristics in 
models of arterial stenoses, I: steady flow. J Bio- 
mech. 1978;6:395-410. 

16. Fei D-Y, Billian C, Rittgers S. Flow dynam- 
ics in a stenosed carotid bifurcation model, I: ba- 
sic velocity measurements. Ultrasound Med Biol. 
1988;14:21-31. 

17. Aaslid R. Transcranial Doppler examina- 
tion techniques. In: Aaslid R, ed: Transcranial 
Doppler Ultrasonography. New York, NY: Spring- 
er-Verlag NY Inc; 1986:56-57. 


values as well as with controls with 
normal cerebral arteriograms. Linde- 
gaard et al’ reported a significant re- 
duction in the PTI of the MCA on the 
side of an ICA with greater than 75% 
luminal area stenosis. We are in agree- 
ment with the reduction in the flow 
velocity but not the pulsatility. 

We can conclude from our data that 
TCD measurements can be used for the 
indirect assessment of hemodynami- 
cally significant ICA stenosis or occlu- 
sion by means of the effect of the 
stenosis on more distal flow. The coex- 
istence of a reduced FA, of the order of 
50% or greater, and a reduced Vmean, 
of 25% or more, compared with the 
contralateral side, is supportive evi- 
dence for a high-grade stenosis or oc- 
clusion on the side of the lower values. 
Certainly, at the present time one 
would require additional corrobora- 
tive information such as that provided 
by a carotid noninvasive scan in order 
to arrive at this conclusion. Further- 
more, MCA stenosis results in a flow 
velocity increase in the region of 
stenosis.** Thus, TCD measurements 
must be correlated with cerebral arte- 


riography, as such stenosis could also - 


result in an asymmetry between MCA 
values. 


18. Spencer MP. Blood flow arteries. In: Spen- 
cer MP, Reid JM. Cerebrovascular Evaluation 
With Doppler Ultrasound. Hingham, Mass: Mar- 
tinus Nijhoff Publishers; 1981:97-112. 

19. Arnolds BJ, von Reutern S-M. Transcranial 
Dopplersonography: examination techniques and 
normal reference values. Ultrasound Med Biol. 
1986;12:155-123. 

20. Ackerman RH. A perspective on noninva- 
sive diagnosis of carotid artery disease. Neurol- 
ogy. 1979;29:615-622. 

21. McDonald PT, Rich NM, Collins JG Jr, et al. 
Ocular pneumoplethysmograpLy: detection of ca- 
rotid occlusive disease. Ann Surg. 1979;189:44-48. 

22. Ginsberg MD, Greenwooc SA, Goldberg HI. 
Noninvasive diagnosis of extrécranial cere- 
brovascular disease: oculoplethysmography-pho- 
noangiography and directional Doppler ultra- 
sonography. Neurology. 1979;29:623-631. 

23. Mattle H, Grolimund P, Huber P, et al. 
Transcranial Doppler sonographie findings in 
middle cerebral artery disease. Arch Neurol. 
1988;45:289-295. 

24. Lindegaard K-F, Bakke SJ, Aaslid R, 
Nornes H. Doppler diagnosis of intracranial ar- 
tery occlusive disorders. J Neurol Neurosurg 
Psychiatry. 1986;49:510-518. 

25. Wechsler LR, Ropper AH, Kistler JP. Trans- 
cranial Doppler in -cerebrovascular disease. 
Stroke. 1986;17:905-912. 


Doppler Ultrasonography— Kelley et al 


ae 


€ 


-^ 


$e 


Dementia in Hereditary Cerebral Hemorrhage With 
Amyloidosis-Dutch Type 


Joost Haan, MD; Jan B. K. Lanser, PhD; Ingrid Zijderveld; Iris G. F. van der Does; Raymund A. C. Roos 


è Sixteen patients with hereditary cere- 
bral hemorrhage with amyloldosis-Dutch 
type were examined neuropsychological- 
ly. Abnormalities were found in all pa- 
tients, and dementia was present in 12 of 
them. Three patients were tested twice at 
an interval of some years. All three exhib- 
ited a progressive intellectual deteriora- 
tion and memory disturbance; in two of 
them there was no evidence of intercur- 
rent strokes. Cerebral amyloid angiopathy 
can lead to dementia because it produces 
multiple focal cerebral lesions, but a 
chronic ischemic or metabolic effect on 
brain parenchyma may play a contributing 
role. 

(Arch Neurol. 1990;47:965-967) 


Hereditary cerebral hemorrhage 
with amyloidosis-Dutch type 


(HCHWA-D) is an autosomal domi- 


nant disease leading to recurrent cere- 
bral hemorrhages caused by extensive 
deposition of amyloid in cortical arte- 
rioles and small leptomeningeal 
arteries. The first hemorrhage usu- 
ally occurs between 45 and 60 years of 
age and is lethal in almost two thirds 
of patients. 

Cerebral amyloid angiopathy is also 
a constant finding in the brains of pa- 
tients with Alzheimer’s disease (AD). 
The amyloid, present in the cere- 
bral blood vessels of patients with 
HCHWA-D is homologous to the £- 
amyloid deposits found in patients 
with AD.* Therefore, as with AD, 
HCHWA-D has been classified as a ce- 
rebral B-amyloid disease.’ In some of 
the hypotheses about the pathogenesis 
of AD, amyloid angiopathy is regarded 
as the primary lesion, which causes the 
development of intraparenchymal (se- 
nile plaques) and intraneuronal (neu- 
rofibrillary tangles) amyloid de- 





Accepted for publication February 12, 1990. 

From the Departments of Neurology (Drs Haan 
and Roos and Ms van der Does) and Neuropsy- 
chology (Dr Lanser and Ms Zijderveld}, Univer- 
sity Hospital, Leiden, the Netherlands. 

Reprint requests to the Department of Neurol- 
ogy, University Hospital, PO Box 9600, 2300 RC 
Leiden, the Netherlands (Dr Haan). 


Arch Neurol—Vol 47, September 1990 


posits.*’ Although there are definite 
clinical differences between patients 
with HCHWA-D and patients. with 
AD, a study of the former might pro- 
vide information about the effects of 
amyloid angiopathy on the brain and 
thus might be used to study the amy- 
loid hypothesis of AD. Thus far, it has 
been commonly believed that patients 
with HCHWA-D did not develop de- 
mentia, simply because they did not 
survive long enough.*® However, we 
have encountered some patients with 
ECHWA-D who did survive several 
hemorrhages and who later became 
demented“! We reviewed the neu- 
ropsychological examinations per- 
formed in patients with HCHWA-D to 
determine the frequency, severity, and 
characteristics of this dementia. 


PATIENTS AND METHODS 
Patients 


The neuropsycholegical examinations of 
16 patients with HCHWA-D were reviewed. 
There were 11 male and 5 female patients, 
with a mean age of 53.8 years (SD, 6.1; 
range, 45 to 66 years). The diagnosis was 
based on clinical and genealogical factors; 
in 2 patients the diagnosis was confirmed by 
a biopsy specimen obtained during surgical 
evacuation of a space-occupying hematoma 
and in 5 patients tne diagnosis was con- 
firmed at autopsy. A stroke was the first 
manifestation of HCHWA-D in all pa- 
tients, Mean age at onset was 40.4 years 
‘SD, 6.6; range, 45 to 56 years), and the 
mean time between ‘irst manifestation and 
neuropsychological examination was 3.4 
years (SD, 3.6; range, 0.5 to 12 years). The 
time between the final stroke and the neu- 
ropsycholegical examination was, in all 
cases, more than 2 months. Neurological 
examination underzaken during the neu- 
ropsychological investigation revealed fo- 
cal neurological deicits (hemiparesis, he- 
misensory signs, and/or hemianopia) in 12 
patients, with no abnormalities in the re- 
maining 4. Computed tomographic (CT) 
scans performed az the time of the neu- 
ropsychological examination showed corti- 
eal hypodense residual lesions of previous 
hemorrhages in 14 patients (number of le- 
sions, 1 te 10), and no cortical lesions in 2 
patients. Thirteen patients showed diffuse 


white matter hypodensity on CT sean (in 2 
patients this was the only abnormality). 


Methods 


A single neuropsychological examination 
was performed in 18 patients, and twice in 
the remaining 3 patients. It included as- 
sessment of the following: 

1. Intelligence: the Dutch version of the 
Wechsler Adult Intelligence- Scale? or 
the Wechsler Adult Intelligence Scale- 
Revised.” 

2. Mnestic functions: the Wechsler Mem- 
ory Scale, form I, and the Knox Cube Im- 
itation Test for Visual Memory.” 

3. Language: comprehension, word find- 
ing, naming (31 pictures of the Object 
Naming Test’), word fluency (word associ- 
ation test using 4 letters U, N, K, and A with 
a time limit of 60 seconds; score; the sum of 
the four subtotals), reading, and writing. 

4. Calculation: 4 written sums and 20 
presented orally (score, the total number of 
good responses). 

5. Constructional abilities: in addition to 
performance subtests of the Wechsler 
Adult Intelligence Scale, copying of per- 
spective and geometric figures and draw- 


ings. 


6. Gnosis and praxis (for schedule see 
Strub and Black”). 

The criteria of the Diagnostic and Statis- 
tical Manual of Mental Disorders, ed 3, 
were used to establish the diagnosis of de- 
mentia. The grade of intellectual and mem- 
ory impairment was determined as the dis- . 
crepancy between the estimated premorbid ` 
IQ, based on education, profession, and in- 
tact abilities,” and the current IQ and 


. memory quotient. Impairment was divided _ 


into none (discrepancy, <10 points), mild 
(11 to 15 points), moderate (16 to 25 points), 
and severe (>25 points). In addition, two 
independent observers made a qualitative 
judgment concerning impairment of spe- 


_ cific disorders in the areas of calculation, 
language, constructional abilities, gnosis, .. 


and praxis, which was done on the basis of 
the scores achieved or performance levelsin 
the tests. _ 


Statistics 
The Mann-Whitney U test and X test 
with Yates’ correction were used for com- 
parison of demented and nondemented pa- 
tients. 


RESULTS 
Results of the neuropsychological 


examination are listed in Tables 1 and 
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Table 1.—Clinical, Radiological, and Neuropsychological Characteristics of 16 Patients With HCHWA-D* 
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Focal No. of WAIS 

No./Sex/ Age at Neurological “Lesions —_—_-_—-_--_—. Diagnosis 
Age, ył Onset, y Deficits on CT WMH Verbal Performance Full WMS Dementia Based ont 
1/M/53 54 _ 6 + 99 83 91 105 Mild G 
2/M/55 52 + 4 = 89 79 84 73 Moderate G 
3/M/66 66 + o + gg 102 101 106 No A 
4/M/48 45 iga 2 + 107 112 110 116 No G 
5/F/46 45 = 3 = 93 100 95 103 No G 
6/F 1/47 47 + 4 + 79 74 74 890 Severe A 
TIFI53 46 + 10 + 66 ` NP 62 62 Severe A 
8/M/48 48 + 1 - 113 116 115 143 No G 
9/M/53 52 + 8 + 105 70 89 99 Moderate A 
10/F/57 56 = 8 + 69 83 65 74 Severe G 
11/M/55 45 + 6 + 98 74 87 89 Mild G 
12/M/59 54 + 3 + 54 59 51 <48 Severe G 
13/M/62 62 + 8 + 82 89 81 39 Moderate G 
14/M/57 45 + T + 81 77 79 76 Moderate B 

59 75 63 69 63 Severe 
15/F/50 46 + 4 + 68 <50 55 60 Severe B 
54 60 <50 50 53 Severe 
16/M/45 45 + 4 + 97 93 Mild 




















76 Moderate 





*HCHWA-D indicates hereditary cerebral hemorrhage with amyloidosis-Dutch type; CT, computed tomography; WMH, white matter hypodensity; WAIS, Wechsler Adult 
Intelligence Scale IQ; WMS, Wechsler Memory Scale; M, male; F, female; minus sign, absent; plus sign, present; and NP, not performed. 

tAge at time of neuropsychological examination. 

Diagnosis based on genealogical grounds (G), biopsy {B}, or autopsy (A). 


Table 2.—Neuropsychological 
Examination in Patients With 
HCHWA-D* 


No. 
Abnormal 


12/16 
11/16 
3/16 
41/16 
7/16 
7/16 
15/16 





Knox cube imitation 
Calculation 
Alexia 
Agraphia 
Dysarthria 
Agnosia / apraxia 
Constructional disturbance 
Language 
Receptive 
Expressive 
Writing 8/16 
Reading 4/16 


*HCHWA-D indicates hereditary cerebral hemor- 
rhage with amyloidosis-Dutch type. 


1/16 
5/16 


2. All patients showed impairment of 
one or more of the functions tested. 
Three patients exhibited mild, 4 mod- 
erate, and 5 severe mental deteriora- 
tion or dementia. The remaining 4 pa- 
tients were not demented. The pres- 
ence of dementia correlated with the 
number of focal lesions on CT scans 
(mean [SD] for nondemented patients, 
1.5 [1.8], and for demented patients, 5.3 
[2.8]; Mann-Whitney U test, P < .05), 
but not with focal neurological signs 
(nondemented, 2/4; demented, 10/12), 
or white matter hypodensity on CT 
scan (nondemented, 2/4; demented, 
11/12) (x? test, P > .05). Three patients 
were examined twice (patients 14, 15, 
and 16 in Table 1). Two of the patients 
evidenced a decrease of the full-scale 


IQ, and the third patient showed only 
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a decrease in the score on the Wechsler 
Memory Scale (Table 1). In patient 14, 
no clinically apparent stroke or new 
lesions on CT had appeared between 
the two neuropsychological examina- 
tions to serve to explain the mental 
deterioration. A large cerebral hemor- 
rhage was evacuated in this patient in 
1973, and the biopsy material showed 
amyloid angiopathy. In 1975 and 1979, 
he suffered from two more hemor- 
rhages. Progressive mental deteriora- 
tion, present since 1984, was reported 
by his family in 1986. This was sup- 
ported by two neuropsychological ex- 
aminations in 1986 and 1988, indicat- 
ing progressive dementia (Table 2). In 
patient 15, a space-occupying cerebral 
hemorrhage was surgically removed in 
1979. The biopsy material revealed 
amyloid angiopathy. Progressive men- 
tal deterioration was noted by her 
family in 1985, and a neuropsycholog- 
ical examination showed severe cogni- 


_ tive disturbances. In 1987 she suffered 


a further cerebral hemorrhage, and a 
second neuropsychological examina- 
tion 2 years later indicated a further 
decrease in cognitive functions. Pa- 
tient 16 had a first cerebral hemor- 
rhage in 1973. A neuropsychological 
examination was performed during 
that year, followed by a second one in 
1982. In 1984 the patient died of a cere- 
bral hemorrhage caused by histologi- 
cally proven amyloid angiopathy. Pa- 
tient 18, a brother of patients 2 and 14, 
suffered a number of strokes after the 
neuropsychological examination prè- 


sented in Table 1. He was investigated 
a second time neuropsychologically 2 
years later, but-his performances on 
the tests were so impaired that they 
did not allow for a quantification. 


COMMENT 


There is no universally accepted 
method for estimating cognitive de- 
cline. We used a measurement based 
on estimated premorbid IQ and mea- 
sured IQ and memory function.” We 
found mild, moderate, or severe 
dementia in 12 of 16 patients with 
HCHWA-D who had survived several 
hemorrhages. Progressive mental de- 
terioration was documented in 2 of 
them, without evidence of strokes be- 
tween the neuropsychological exami- 
nations. These findings can be of im- 
portance in considering the relation- 
ship between the so-called §-amyloid 
diseases, HCHWA-D and AD. When 
looking at the type of dementia present 
in HCHWA-D, we try to place it within 
the existing classification. In the tra- 
ditional classification, based on age at 
onset, HCHWA-D can be termed pre- 
senile, 

Classification based on pathological 
features is more difficult. The patho- 
logical findings of HCHWA-D are ex- 
tensive deposition of amyloid in cere- 
bral blood vessels, multiple strokes, 
senile plaque-like structures, and 
diffuse white matter involvement. It is 
most likely that the dementia we en- 
countered in patients with HCHWA-D 
was caused, at least partially, by focal 
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lesions throughout the brain. Multiple 
cerebral hemorrhages can certainly 
destroy sufficient brain tissue to im- 
pair higher cerebral functions in a 
stepwise fashion. However, it is doubt- 
ful whether the dementia marked by 
gradual deterioration, as present in 
two of the three patients repeatedly 
examined, could be aseribed solely to 
strokes. It could be hypothesized that 
a chronic ischemic or metabolic effect 
of amyloid angiopathy on brain paren- 
chyma (as suggested in the “amyloid- 
hypothesis” in AD) was a contributing 
factor in these patients. The “selective 
incomplete white matter infarctions” 
due to ischemic demyelination found 
in patients with AD” might point to a 
similar pathogenetic mechanism in 
AD, although a possible relationship 
between these lesions and amyloid an- 
giopathy has only been investigated 
once.” Furthermore, it is not known to 
what extent white matter lesions are a 
contributing factor in the development 
of dementia. The contribution of senile 
plaque-like structures, as have been 
described in HCHWA-D,' in the cau- 
sation of dementia is also uncertain 
and remains to be established. Re- 
cently, Chui” proposed replacing the 
diagnosis multi-infarct dementia 
(MID) by two other categories based 
on differences in the size of cerebral 
blood vessels involved: namely, (1) cor- 
tical atherosclerotic dementia, associ- 
ated with cerebral cortical infarction 
due to atherosclerosis and throm- 
boembolism of large feeding vessels, 
and (2) subcortical arteriosclerotic de- 
mentia, associated with subcortical in- 
farction or ischemia due to arteriolo- 
sclerosis of the medium-sized and 
small penetrating arterioles. Our find- 
ings could be interpreted as a third 
possibility: sclerosis of cortical arteri- 
oles leading to (acute) cortical focal le- 
sions, in combination with (chronic) 
diffuse white matter damage due to 
stenosis of the long perforating arte- 
ries. ‘ 

Diseases accompanied by dementia 
can also be assigned to a category 
based on the pattern of cognitive im- 
pairment. It is generally believed, 


. however, that the dementia patterns of 


AD and MID are qualitatively 
indistinguishable.*** The Wechsler 
Adult Intelligence Scale appears to be 
insufficiently sensitive to differentiate 
between them.” It has: been claimed 
that explicit language differences exist 
between AD and MID, since the former 
is specifically accompanied by 
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aphasia,” whereas in the latter more 
dysarthria is found.” In our study, pa- 
tients with HCHWA-D evidenced 
aphasia, as well as dysarthria (Table 
2). The AD dementia pattern is vari- 
able, but deficits in recent memory, 
linguistic performance, visuospatial 
function, praxis, anc gnosis occur most 


frequently.” These functions were 


also impaired in cur patients with 
HCHWA-D; memory disturbance in 
particular seemed =o be progressive. 
The results of our study therefore do 
not allow for a cat2gorization of de- 
mentia in HCHWA-D in the AD or 
MID group based on neuropsychologi- 
cal features. 

When dividing patients with demen- 
tia clinically, a third large category is 
the so-called mixed AD and MID 
group.” This is poor_y defined and it is 
therefore often avoided in studies on 
dementia. It is likely that many pa- 
tients with AD wno have suffered 
strokes can be found in this group. We 
believe that HCHWA-D must be cate- 
gorized in the mixzd AD and MID 
group for a number of reasons. First, 
because of the obvious part played by 
stroke in the development of dementia. 
Second, because senile plaque-like 
structures, resembling lesions found in 
AD, have been found in the brains of 
patients with HCHWA-D.** Finally, 
because a slowly progressive dementia 
was documented by neuropsychologi- 
cal examination in some of our pa- 
tients. Our findings do not justify 
the categorization of (sporadic or he- 
reditary) amyloid angiopathy, causing 
hemorrhage and dementia, as one of 
the subgroups of AD, as proposed re- 
cently by Chui. 
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Family With Dominantly hengd Ataxia, : ce. T 


‘Amyotrophy, and Peripheral Sensory Loss 
Spinopontine Atrophy or Machado-J oseph Azorean Disease > i 


in Another Non- Portuguese Family? 


Komyo Eto, MD; s. M. Sumi, ` MD;. Thomas D. Bird, MD; Terry MeBvoy-Bush, PhD; 
- Michael Boehnke, PhD; Gerard Schellenberg, PhD : : 


1 


~e A family of German extraction with 
progressive ataxia; eye movement abnor- 


malities, peripheral sensory loss, and spi- 


- nal muscular atrophy of adult onset is de- 


: scribed. Three members came to autopsy, g 


and ` neuropathologicaily, ‘the: ‘major 


changes included varying degrees of atro- — 


phy of the basis pontis and degeneration 


of the spinocerebellar tracts, Clarke’s col- © 


umns, anterior horn. neurons, and ‘fascicu- 
lus gracilis. The dentate nucleus was 
spared, and there was slight neuron loss 
from. the substantia nigra in one’ patient. 
Clinically and neurfopathologicailly, our 
family resembles that reported by Boller 
and Segarra as having spinopontine.atro- 
phy- However, several kindreds with simi- 


_ lar findings have recently been described - 
~a as: having Azorean ‘or Machado-soseph. 


` 


G miâihearion of Pee T de- 


. genèrative disorders on the basis 
of genetic and neuropathological fea- 
‘tures continues to be problematical. 
We report the clinical and neuropatho- 
logical findings in three persons from 
a family of German descent whose 
members had a ‘progressive spinocere- 


bellar - degenerative, disorder of. adult 
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ae 


disease in non-Portuguese families. Com- 
`. parison of clinical and. neuropathological 
features. in spinopontine atrophy. ‘and: 


Machado-Joseph disease, both In-Portu- 
guese and rion-Portuguese families, re- 


- veals clinical and pathological similarities 


and differences between the two. The ma- 


jor differences in our patients include only. l 


minor. extraocular movement abnormality 


and absence of protuberant. eyes, - -and . 
i muscular rigidity clinically, and the sparing 


of the” substantia nigra and the. dentate 


‘nucleus neuropathologically. These differ- ` 


ences suggest that spinopontine atrophy, 


-as manifested in our family, is distinct from 
` family Z 
showed no Jinkage to the HLA locus on. 
‘ chromosome 6. j i 


Machado-Joseph disease. “Our. 


‘(Arch Neurol. '1990;47:968-974), ee 


iinet that aede over at ieast: two 
- generations. In addition to progressive - 
; ataxia, all three exhibited spasticity, 
varying degrees of peripheral sensory 
loss, and muscle fasciculation and at- 
- rophy. Neuropathologically, the ` de- 
gree of abnormality in the three cases 
. was variable, but the major findings 
were most compatible. with the syn- - 
drome of spinopontine atrophy (SPA), | 
initially . named .by. Boller. and- 
Segarra. 12 Similar patients have been | 


bes ae diagnosis w Azorean or 





a this family i in which thie, were 325 def- 
initely òr probably affected individuals’ 
(Fig 1). The pattern of inheritance was‘ 

‘autosomal dominant, with 12 females _ 
and 13 males affected and with male- ` 
to-male transmission ofthe disorder. ` 
Eleven. members had: died, and the > 

-brain was available in three and the” 
_spinal ; cord in two. Mean age at onset ` 
‘was 39.5 + 7.3 years, and mean age at 


death was 54 + 17 years, with a wide 


. range of 81 to 84years. Mean duration 


of disease was 22:5 + 8.6 years in the 


four people in whom the’ ages both at 

onset and:at death were-known. Other 
.salient clinical and neuropathological i 
features are summarized i in Tables. t.. 


and 2. 
Eas SUBJECTS AND METHODS 


Family ‘members 1-4, IL-8, ‘TH-15, I- 18, 


III-19,:and IÏI-28 were examined clinically 


-by one of us (T.D.B.), who also.obtained the > ` l 


medical history on the other. family mem- 


bers. The brains and spinal cords were fixed- 
_ for. 2 weeks in buffered neutral formalde- . 
hyde. Sections were stained: with hematox- : 
- ylin-eosin, Luxol fast blue—periodic acid-. 
‘Schiff—hematoxylin, and Holzer stains. | 


A Clinical ‘and Neuropathological. Findings i 
“Case 1. The first-patient (family mem- | 


ber IT-8), the mother of case 2 and the aunt 
of case 3,,was 74 years old.at the time of her 


death: She had had a slowly progressive: -. 
_gait disturbance for 24 years, restricting 


her to a wheelchair for the last 10 years. 


a 
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Fig 1.—Family pedigree. Neuropathological examinations were carried out on cases ll-8, Ill-27, 
and Ill-18. 








Table 1.—Clinical Findings in Our Family With Spinopontine Atrophy* 





noted. Horizontal nystagmus was present. 
When he was 38 years old he had diplopia 
and his speech was slurred. There was fur- 
ther deterioration in his gait, but muscle 
strength was good. 

By age 45 years he was walking with a 
cane and reported twitching of his muscles. 
His memory was good. He could not look 
above the horizontal, and there was limited 
abduction of the left eye. There were fibril- 
lations of the tongue and fasciculations of 
other muscles. Tendon reflexes were still 
hyperactive. There was distal blunting to 
pinprick and decreased vibration and posi- 
tion senses. 

At age 48 years he underwent resection of 
a colon carcinoma. There was generalized 
muscle weakness, which was more pro- 
nounced in the legs. He had titubation and 
dysmetria. Subsequently, a severe head- 
ache developed and he became disoriented. 













































































































































* EOM indicates eye movements; and Up, paralysis of upgaze. 


Table 2.—Neuropathological Findings 
in Our Family With Spinopontine 
Atrophy * 


Case No. 
C 
Brain Region il-8 I-27 Il-18 


Basis pontis Abn Abn 
Dentate nucleus N N 
Substantia nigra N N 
Dorsal columns Abn Abn Abn 
Spinocerebellar tracts Abn Abn Abn 
Clarke's columns Abn Abn 
Corticospinal tracts N N 
Anterior horns Abn Abn 


* Abn indicates abnormal; N, normal. 








and the gag reflex was absent. Both proxi- 
mal and distal muscles of the arms were 
weak and atrophic. There were flexion con- 
tractures of the left fourth and fifth fingers. 
She was able to wiggle her toes and raise 
her knees against gravity but she was 
unable to walk. No muscle fasciculation was 
seen. All deep tendon reflexes were absent, 
but there were bilateral Babinski’s signs. 
She appeared to appreciate pin stimulus, 
but vibration was clearly decreased in both 
feet. There was dysmetria on finger-nose 
testing, and rapid alternating movements 
were done poorly. Heel-knee testing could 
not be done because of leg weakness. Mod- 
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Case Age at Age at Abnormal Muscle Fascicul- Spas- Hyper- Babinski’s Sensory 
No. Onset, y Death, y EOM Ataxia Atrophy ations Rigidity ticity reflexia Sign Loss 
1-8 50 74 Up, nystagmus Yes Yes Tongue No No No Yes Yes 
Il-27 32 49 Up, nystagmus Yes Yes Yes No Yes Yes Yes 
lll-18 38 53 Nystagmus Yes Yes Yes No No No Yes Yes 
Il-17 42 P Normal Yes Yes Yes No No No Yes 
1-4 50 84 Up Yes Yes Yes No No Yes Yes 
I-24 30 Nystagmus Yes Yes Yes No No TE Yes 
Ill-13 45 Nystagmus Yes Yes Yes No No No Yes 
I-28 36 Abducens Yes No No No Yes No Yes 
I-15 42 Nystagmus Yes No No 

lll-14 40 Nystagmus Yes ska iay A wi Yes ee 

46 agai Nystagmus Yes Yes Yes No No No No 
IV-48 29 aoe Abducens Yes No No No No Yes Yes Yes 


erately high arched feet were noted. In the 
last year of life, she had difficulty swallow- 
ing and handling her oral secretions. 

Autopsy was restricted to the brain and 
spinal cord. Macroscopically, the main find- 
ings were atrophy of the basis pontis (Fig 2) 
and spinal cord. Microscopically, there was 
loss of neurons from the pontine nuclei and 
of the transverse pontine fibers with gliosis 
of the basis and brachium pontis. Cortico- 
spinal tracts were preserved. The cerebellar 
cortex, dentate nucleus, and inferior oli- 
vary nucleus were normal. The globus pal- 
lidus was shrunken and gliotic, and there 
was moderate neuronal loss from the sub- 
stantia nigra. In the spinal cord, there was 
degeneration of the dorsal roots, the fascic- 
ulus gracilis, and the ventral and dorsal 
spinocerebellar tracts, but the corticospinal 
tracts were normal (Fig 3). There was 
marked loss of neurons from the anterior 
horns (Fig 4) and Clarke’s columns (Fig 5) 
with gliosis. 

Case 2.—This man (family member III- 
27) was one of four affected children of case 
1 and died at age 49 years. At age 32 years 
he first noted progressive staggering and a 
feeling of unsteadiness when he closed his 
eyes. On examination there was generalized 
hyperreflexia with bilateral Babinski’s 
signs. Vibration, pain, and temperature 
sensations were intact, but the Romberg 
sign was positive. No muscle atrophy was 









Brain computed tomographic scans re- 
vealed a mass in the occipital region as well 
as atrophy of the pons. He died of the mass 
effect of this metastatic tumor. 

At autopsy, there was atrophy of the ba- 
sis pontis due to loss of some of the trans- 
verse pontine fibers, which was much less 
severe than that of his mother (Fig 6). 
There was degeneration of the fasciculus 
gracilis and the spinocerebellar tracts, but 
the corticospinal tracts of the spinal cord 
were well preserved (Fig 7). Again, there 
was loss of the anterior horn neurons and 
those of Clarke’s columns. Inferior olivary 
nucleus, cerebellum, globus pallidus, and 
substantia nigra were normal. The gastroc- 
nemius muscle showed neurogenic atrophy. 

Case 3.—This 53-year-old veterinarian 
(family member III-18) was the nephew of 
case 1 and died after a 15-year course of 
progressive ataxia. This began as a mild 
gait imbalance and was followed in 2 years 
by tremor while writing. He was also both- 
ered by muscle cramps and fasciculations in 
his legs. History was complicated by non- 
insulin-dependent diabetes mellitus and al- 
cohol use. On examination 6 weeks before 
death, he had bilateral horizontal nystag- 
mus, depressed tendon reflexes, fascicula- 
tions in the quadriceps muscles, mild distal 
weakness of all extremities, and loss of all 
sensation to the knees. He was unable to 
walk and had intention tremor bilaterally. 
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Fig 2.—Case 1. Marked atrophy of the basis pontis with loss of neurons 
from the nuclei pontis and pontocerebellar fibers (Luxol fast blue—pe- 


riodic acid-Schiff—hematoxylin, X3). 


Fig 4.—Case 1. Ventral horns of lumbar spinal cord. Only rare motor 
neurons (arrows) remain (Luxol fast blue—periodic acid-Schiff— 


hematoxylin, original magnification X 115). 


He was areflexic but had bilateral Babin- 
ski’s signs. He died of progressive conges- 
tive heart failure. 

Only the brain with the upper two to 
three segments of the cervical spinal cord 
was available. Prominent changes included 
degeneration of the dorsal columns and the 
spinocerebellar tracts (Fig 8). The basis 
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Fig 3.—Case 1. Cervical spinal cord with degeneration of fasciculus 
gracilis and spinocerebellar tracts bilaterally. Corticospinal tracts are 


well stained (Luxol fast blue—periodic acid-Schiff—hematoxylin, 


X11). 


pontis was of normal bulk, and the neurons 
of the pontine nuclei and the pontocerebel- 
lar fibers were well preserved. The cerebel- 
lum, including the dentate nucleus, was 
normal. The inferior colliculus was gliotic 
while the dorsal cochlear nucleus and lat- 
eral lemniscus were normal, as were the 
globus pallidus and the substantia nigra. 





Fig 5.—Case 1. Figure shows thoracic spinal cord. Top, Clarke's col- 
umn (outlined with arrows) is devoid of neurons (Luxol fast blue—peri- 
odic acid-Schiff—hematoxylin, original magnification X40). Bottom, 
Higher-power view of Clarke’s column showing absence of neurons 
(original magnification X115). 


RESULTS 
Summary of Clinical Findings 


As shown in Table 1, ataxia and sen- 
sory loss were constant findings and 
muscular rigidity was uniformly ab- 
sent in our patients. Protuberant eyes 
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Fig 6.—Case 2. Mild atrophy of the basis pontis with loss of some pon- 
tocerebellar fibers (Luxol fast blue—periodic acid-Schiff—hematoxy- 


lin, X3.5). 


Fig 8.—Case 3. High cervical spinal cord with degeneration of the dor- 
sal columns and spinocerebellar tracts (Luxol fast blue— periodic acid- 


Schiff—hematoxylin, X10). 


were not a feature, and eye movement 
abnormalities were never striking, 
consisting largely of limitation of up- 
ward gaze or nystagmus. One patient, 
IV-48, underwent formal neuro-oph- 
thalmological consultation, and the 
findings consisted of slight limitation 
of abduction of both eyes and minimal 
abnormality of pursuit movements 
with better preservation of vertical 
eye movements. 


Summary of Laboratory Tests 


The results of pertinent laboratory 
studies on both living and deceased 
family members included normal elec- 
troencephalograms and cerebrospinal 
fluid values. There were fibrillations, 
fasciculations, positive waves, and 
membrane instability on electromyo- 
grams. Motor nerve conduction veloc- 
ities were slightly prolonged or in the 
lower range of normal. Sensory nerve 
conduction velocities were normal or 
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Fig 7.—Case 2. Cervical spinal cord with degeneration of fasciculus 
gracilis and spinocerebellar tracts bilaterally (Luxol fast blue—periodic 


acid-Schiff—hematoxylin, X 10). 


unobtainable. Computed tomographic 
brain scans showed pontine atrophy in 
individuals symptomatic for several 
years (subject III-18 had no computed 
tomographic scan). Brain-stem audi- 
tory evoked responses showed pro- 
longed latencies, low amplitudes, and 
abnormal wave forms in symptomatic 
individuals and increasing abnormali- 
ties in the one affected person studied 
longitudinally over 3 years. Pattern- 
reversal visual evoked responses were 
normal. Auditory evoked potentials in 
four children (ages 20 to 30 years) of 
affeeted individuals were normal. HLA 
testing did not show any evidence for 
linkage of the disorder to the HLA lo- 
cus in this family. 


Genetic Linkage Analysis 


We carried out a genetic linkage 
analysis of the family using the 
method of lod scores with the com- 
puter program LIPED." Variable age 





at onset was modeled using a cumula- 
tive normal age-at-onset function.’ A 
lod score of —2.0 or less, corresponding 
to at least 100:1 odds against linkage as 
compared with independent assort- 
ment, was taken as conclusive evidence 
against linkage. 

Linkage analysis was carried out for 
a series of 27 blood markers including 
HLA-A, HLA-B, HLA-C, and HLA- 
DR. Results of the linkage analysis 
were robust to changes in the variables 
of the onset function and in the allele 
frequencies. 

Linkage to HLA (Table 3) was of 
particular interest because of previous 
reports of HLA linkage in some fami- 
lies with spinocerebellar ataxias.'*” In 
our family, however, linkage to HLA 
(HLA-C) was excluded to approxi- 
mately 11 centimorgans. Data for 
other adjacent loci on chromosome 6, 
including GL01, C4A, and C4B, con- 
firm that the disease in our family does 
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not map close to the major human his- 
tocompatibility complex. 

Results for the remaining markers 
were also negative or inconclusive. 
Tight linkage to the disorder in this 
family could be excluded for the fol- 
lowing markers: C4A, C4B, Fy, GLO1, 
Hp, and Rh. Linkage analysis results 
for the remaining markers were incon- 
clusive. These markers included ABO, 
ACP, ADA, AK1, Bf, C2, C3, ESD, 
GALT, Ge, GPT, Kell, MNSs, ORM, P, 
PGM, and PLG. 


COMMENT 


These patients were members of a 
family with an adult-onset, domi- 
nantly inherited nervous system de- 
generation involving the basis pontis 
and spinal cord associated with cere- 
bellar ataxia, spinal muscular atro- 
phy, ocular gaze abnormalities, and 
peripheral sensory loss. Eye move- 
ment abnormalities consisted of 


nystagmus in most members with 
some also having limitation of upward 
gaze. 

Of the various types of spinocerebel- 
lar degenerative diseases, this family 
appears to fit best into the category of 
dominantly inherited SPA (Tables 4 
and 5) initially reported by Boller and 
Segarra.'? They described two mem- 
bers of a family in which 17 members 
were affected over five generations. 
Clinically, they had dysarthria, inabil- 
ity to look up, and Babinski’s signs, in 
addition to the progressive ataxia and 
incoordination. There was loss of pro- 
prioceptive sense in one. Extrapyrami- 
dal abnormalities were not recorded. 

Pathologically, the main abnormal- 
ities in the two patients of Boller and 
Segarra’? were atrophy of the basis 
pontis and changes in the spinal cord. 
The dorsal columns were normal in 
case 1 but there was degeneration of 
the corticospinal tracts and loss of 


Table 3.—Lod Scores for HLA and Spinocerebellar Atrophy 


Recombination Fraction 


neurons from the anterior horns of the 
spinal cord. In case 2, the dorsal col- 
umns were only slightly pale, but there 
was pallor of the anterior and lateral 
white matter and loss of neurons from 
Clarke’s columns. The anterior horns 
were normal. The inferior olivary nu- 
clei were well preserved in both. The 
cerebellum was normal in case 2 but 
was not available in case 1. Pogacar et 
al'8 later reported on two other mem- 
bers of the same kindred, with neuro- 
pathological observations in one of 
them. Although symptoms in their 
first patient began at age 53 years, the 
other patient noted diplopia and 
ataxia at age 18 years. The clinical 
features were otherwise similar to 
those of the first two family members 
described above. Pathologically, there 
was pontine atrophy and degeneration 
of the posterior columns and the ven- 
tral spinocerebellar tracts, with loss of 
neurons in Clarke’s columns. The cor- 
ticospinal tracts were normal, but 
there was loss of neurons from the an- 
terior horns. Skeletal muscle showed 
denervation atrophy. They also found 
patchy loss of neurons from the infe- 
rior olivary and dentate nuclei, loss of 


Marker 


0.15 0.20 


Purkinje’s cells, and atrophy of cere- 





—0.52 —0.32 





=1.19 =0.78 








—1.47 = 1,01 


bellar white matter. Harding” 
thought that these findings cast some 
doubt on the separation of SPA from 








—0.97 —0.63 





Spinopontine Atrophy 
——$—$—————_—————eeeeee 
Boller and Segarra,'* 

Pogacar et al'° 
(n = 4) 


Our Family 
(n = 12) 


olivopontocerebellar atrophies. 


Non-Portuguese MJD MJD 
POSS 
Taniguchi and 
Konigsmark”° 
(n = 6) 


—CCOC: a" 
Lima and 

Coutinho? 
(n = 8) 


Sakai Yuasa 
et al,‘ et alf Fowler’? 


(n = 4) (n = 4) (n = 19) 





Cerebellar ataxia 





4+ 4+ 4+ 





Atrophy /fasciculations 





4+ 4+ 2+ 





Abnormal eye movements 





4+ 4+ 4+ 





Rigidity 





2+ 4+ 1+ 





Spasticity 


4+ 4+ 4+ 





Sensory loss 


Spinopontine Atrophy 
PETES ee ee a 
Our Family Boller and Segarra’? Pogacar 
3 eee —EEEEEE E et al,"® 


I-27 M-18 Case 1 Case 2 Case 1 


4+ 2+ 4+ 


Non-Portuguese MJD 
SE EE A ——————EEeEEee 
Taniguchi and MJD, 
Konigsmark,”° Sakai et al,‘ Yuasa et al,® Fowler?® 
Case Ill-3 Case 2 Case 1 (n = 9) 





Substantia nigra 











N N 





Abn, 8/9 





Basis pontis 


Abn 





Cerebellar cortex 
Dentate nucleus 
Inferior olives 
Anterior horns 


Abn, 5/6 





N 
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* MJD indicates Machado-Joseph (Azorean) disease; Abn, abnormal; and N, normal. 
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Taniguchi and Konigsmark” pre- 
sented the clinical findings in five 
members of another family with sim- 
ilar clinical features and the neuro- 
pathological findings in one of them. 
There was pontine atrophy and degen- 
eration of the anterior horn neurons 
with neurogenic atrophy of the skele- 
tal muscle. The inferior olives were 
normal, with atrophy of the white 
matter being the only cerebellar 
change. There was neuronal loss from 
the substantia nigra. 

Another family with similar find- 
ings to our patients was that of Ishino 
et al,” reference to which was made by 
Boller and Segarra.’ Clinically, the in- 
heritance pattern was also autosomal 
dominant with ataxia, external oph- 
thalmoplegia, diplopia, and bilateral 
Babinski’s signs with dementia. Some 
of their patients had extrapyramidal 
rigidity. Pathologically, the spinal 
cord showed degeneration of the 
spinocerebellar tracts, Clarke’s col- 
umns, the dorsal columns, and the an- 
terior horns. The pontine nuclei were 
atrophic, but the cerebellum and the 
inferior olives were normal. The sub- 
stantia nigra was markedly abnormal. 

Thus, clinically and pathologically, 
these cases are very similar to our 
patients and appear to represent a 
distinct entity in the group of spino- 
cerebellar degenerative disorders. 
Progressive cerebellar ataxia is ac- 
companied by abnormalities in ocular 
movements, particularly in upward 
gaze, by Babinski’s signs, and by im- 
paired peripheral sensation. In all pa- 
tients, muscle wasting was usually 
mentioned, but only in our patients 
was muscle fasciculation a prominent 
feature. 

Pathologically, the most striking 
and constant features were pontine 
and spinal cord atrophy with sparing 
of the medullary olives. In our patients 
the lesions, although qualitatively 
similar, were quite variable quantita- 
tively, so that in subject III-18 the pons 
appeared to be normal. This variabil- 
ity appeared to be related in part to the 
duration of the disease. Thus, pontine 
and spinal degeneration was most 
marked in the oldest patient, who was 
also the only one to have pallidal de- 
generation as well as some neuronal 
loss from the substantia nigra. 

Our family as well as those reported 
previously with the diagnosis of SPA 
resemble both clinically and patholog- 
ically those Portuguese families with 
MJD." Boller and Segarra? com- 
mented on the similarity of their fam- 
ily with SPA to the kindred described 
by Woods and Schaumberg.!° 

Recently, there have been reports 
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from the United States, Japan, and 
India of MJD in non-Portuguese 
families.** In fact, the family reported 
by Sakai et al‘ is the family originally 
described by JIshino and his 
associates, which has been referred 
to above, and it has recently been sug- 
gested that the family reported by 
Taniguchi and Konigsmark” also had 
MJD.” It is not clear, however, how a 
definitive diagnosis of MJD can be 
made in non-Portuguese families, even 
though Barbeau et al* stated that 
Portuguese origin is not obligatory for 
this diagnosis. 

Clinically, the diagnostic features of 
MJD are autosomal dominant inherit- 
ance of progressive ataxia with exter- 
nal ophthalmoplegia, spasticity, and 
varying degrees of extrapyramidal ri- 
gidity or amyotrophy with fascicula- 
tions.*”° Healton et al? emphasized 
another feature, eyelid retraction or 
“bulging eyes.” Table 4 compares the 
clinical features of pathologically 
studied cases of Portuguese and non- 
Portuguese MJD and SPA. This shows 
considerable clinical similarities be- 
tween them. However, extrapyramidal 
findings, which are common in MJD» 
and which were also present in the 
American? and Japanese** patients, 
were not noted in the Indian family® or 
in patients with SPA. Eyelid retrac- 
tion was also not a feature of our fam- 
ily. 

Neuropathologically, the major 
macroscopic abnormality in SPA and 
MJD is atrophy of the basis pontis 
(Table 5). In the more recent clinical 
reports,** as in our patients, pontine 
atrophy was confirmed by computed 
tomographic or magnetic resonance 
imaging. Microscopically, in MJD neu- 
ronal loss from the substantia nigra, 
dentate nucleus, anterior horns, and 
Clarke’s columns of the spinal cord are 
said to be constant features with vari- 
able involvement of the pontine and 
cranial nerve nuclei.” Autopsy find- 
ings in nine cases of MJD reviewed by 
Fowler” and the two Japanese cases** 
revealed dentate nucleus abnormality 
in six. The substantia nigra, however, 
was abnormal in all but one. 

In the non-Portuguese cases of MJD 
from Japan,** there was also involve- 
ment of the anterior horns and 
Clarke’s columns. The pons was also 
abnormal in the case of Sakai et al,‘ but 
the inferior olivary nucleus was nor- 
mal. Yuasa et al’ noted degeneration 
also of the dentatorubral and pallido- 
luysian systems in their patient. Ni- 
gral degeneration was present in the 
case reported by Taniguchiand Konigs- 
mark,” which has since been classified 
as a case of MJD.” However, this has 


not been a feature of cases of SPA 
(Table 5). There was mild neuronal loss 
from the substantia nigra in our first 
patient. 

Thus, the main differences appear to 
be the absence of clinical and neuro- 
pathological abnormalities of the ex- 
trapyramidal system, the absence of 
eyelid retraction, and relatively slight 
abnormalities of ocular movements in 
SPA. These differences suggest that 
SPA is a distinctly different disorder 
from MJD. However, a definitive an- 
swer to this question will have to await 
the identification of a genetic or bio- 
chemical marker specific for MJD. 

Rosenberg and Grossman”? sug- 
gested that the primary mutation for 
MJD might be on chromosome 1p and 
postulated that there was a modulator 
gene locus at 2p23 to explain the vari- 
ability in disease expression. There 
have been reports of HLA linkage in 
one form of dominant olivopontocere- 
bellar atrophy (including the Schut- 
Haymaker family)" and lack of HLA 
linkage in another family.” In our 
family we excluded close linkage to the 
HLA locus on chromosome 6 and were 
unable to demonstrate linkage to any 
of the markers tested. In their large 
Japanese family, Takiyama et al’ 
found that the incidences of Rh 
(CCDEe) and ABO in the affected 
members were different from the inci- 
dences in the general population in 
Japan, but like us, the lod scores for 
several blood factors were uninforma- 
tive. 

Greenfield” proposed the first major 
classification of the hereditary ataxias 
based on neuropathological features. 
Harding” has produced the most re- 
cent detailed review of this field. Her 
reasonable classification of the auto- 
somal dominant ataxias attempts to 
maintain large groupings with only 
four types. Our family would be in- 
cluded in Harding’s type I, which is 
autosomal dominant ataxia that may 
also be associated with optic atrophy, 
ophthalmoplegia, dementia, extrapy- 
ramidal signs, or amyotrophy. This 
type of grouping emphasizes the great 
variability that has been observed 
among families that may only superfi- 
cially appear different but may in fact 
represent the same mutation. Harding 
notes that her type I may even include 
the families with MJD. Unfortunately, 
no one knows how much genetic heter- 
ogeneity may be represented by these 
families. They may indeed all have the 
same mutation, or they may represent 
different alleles at the same genetic 
locus, or they may actually represent 
entirely different mutations at differ- 
ent loci that happen to have clinical 
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and pathological similarities. 

After this manuscript was accepted, 
patient III-17 (Table 1) came to au- 
topsy. He had mild pontine atrophy, 
degeneration of the spinal anterior 
horn neurons, Clarke’s column, spino- 
cerebellar tracts, and dorsal columns. 
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Although he had no muscle rigidity, 
the substantia nigra was grossly pale 
and showed severe neuronal loss. 


This study was supported by National Insti- 
tutes of Health grant AG 5136, by Department of 
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Lumbar Cerebrospinal Fluid Choline in 


Healthy Aging and in Down’s Syndrome 


Mark B. Schapiro, MD; John R. Atack, PhD; Israel Hanin, PhD; Conrad May, MD; 
James V. Haxby, PhD; Stanley I. Rapoport, MD 


è Choline concentrations were mea- 
sured in lumbar cerebrospinal fluid (CSF) 
and plasma of 37 healthy normal subjects 
and 13 young (age range, 21 to 34 years) 
and 6 older (age, =45 years) healthy 
adults with Down’s syndrome (DS). All 
subjects with DS had a trisomy 21 karyo- 
type, and 3 of the 6 older subjects were 
demented as judged from a history of 
mental deterioration, disorientation, and 
memory loss. In healthy normal subjects, 
there was a significant correlation be- 
tween age and CSF choline concentra- 
tions. Compared with age-matched con- 
trols, in young subjects with DS, CSF, but 
not plasma, choline concentrations were 
elevated (by 49%), whereas in older sub- 
jects with DS, CSF and plasma choline 
concentrations were similar to control val- 
ues. The CSF choline concentrations were 
unrelated to body height in the DS and 
control groups, and rostrocaudal CSF 
choline gradients did not differ between 
either the control and DS groups or the 
young and old subjects with DS, suggest- 
ing that the elevation in the CSF choline 
concentration in young subjects with DS 
was not related to their shorter stature. 
Since increased CSF choline concentra- 
tions in young adult subjects with DS were 
accompanied by normal plasma choline 
concentrations, these results suggest that 
young adults with DS have either an in- 
creased release of choline from the brain 
or a reduced rate of clearance of choline 
from CSF. 

(Arch Neurol. 1990;47:977-980) 


[Ip humans, the expression of an extra 

portion of chromosome 21 leads to a 
number of abnormalities that result in 
Down’s syndrome (DS).'! Down’s syn- 
drome is the leading known cause of 
mental retardation, and the brains of 
these subjects have a subnormal 
weight? and small frontal lobes, oper- 
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culum, superior temporal gyrus, and 
cerebellum.’ Microscopic studies have 
demonstrated a loss of granular neu- 
rons in the cerebral cortex’ and het- 
erotopias in the cerebellar and cere- 
bral cortices.‘ However, the patholog- 
ical basis of the mental retardation in 
these subjects remains uncertain. 

In subjects with DS (age range, >35 
to 40 years), dementia may be super- 
imposed on the mental retardation. 
These middle-aged and elderly sub- 
jects with DS invariably have neuro- 
pathological changes qualitatively and 
quantitatively similar to those found 
in Alzheimer’s disease, including a de- 
creased brain weight, gyral atrophy 
(cerebral), enlarged ventricles, senile 
plaques, neurofibrillary tangles, and 
granulovacuolar neuronal degenera- 
tion. These neuropathological 
changes occur in the same regions as in 
the brains of patients with Alz- 
heimer’s disease.’ In addition, the 
brains of subjects with DS show defi- 
cits in central cholinergic innervation 
similar to those seen in Alzheimer’s 
disease. Thus, reduced neocortical 
choline acetyltransferase activity’! 
and nicotinic receptor binding,” along 
with a reduction in the number of neu- 
rons in the nucleus basalis of Meynert 
(the major source of cortical cholin- 
ergic innervation), have been re- 
ported.” Furthermore, postmortem 
brains of subjects with DS and Alz- 
heimer’s disease show similar deficits 
in serotoninergic,’* noradrenergic," 
and dopaminergic” systems. 

Choline is both a precursor and me- 
tabolite of acetylcholine. Conse- 
quently, it was originally thought that 
because pharmacological manipula- 
tion of central cholinergic systems 
with oxotremorine could produce 
changes in cerebrospinal fluid (CSF) 
choline concentrations,” CSF choline 
concentrations could be used as an in- 
dex of central cholinergic function. It 
was subsequently shown, however, 
that the effects of oxotremorine on 
CSF choline concentrations were not 
related to an action on central cholin- 
ergic systems," and it was concluded 
that CSF choline concentrations are 
not a reliable marker of central ace- 
tylcholine metabolism.'* Rather, CSF 
choline concentrations are more likely 
to reflect central phospholipid metab- 


olism than cholinergic function. Since 
abnormal phospholipid metabolism 
has been described in DS brain tissue,” 
we measured CSF and plasma choline 
concentrations in young (age range, 21 
to 34 years) and older (age, >45 years) 
subjects with DS and healthy normal 
volunteers to gain an insight into the 
possible biochemical changes that un- 
derlie the mental retardation and de- 
velopment of Alzheimer’s disease-like 
neuropathological changes in DS. In 
addition, because of the possible influ- 
ence of the shorter stature of the sub- 
jects with DS on lumbar CSF choline 
concentrations, rostrocaudal choline 
gradients were measured in sequential 
fractions of CSF obtained by lumbar 
puncture from subjects with DS and 
controls. 


MATERIALS AND METHODS 
Selection of Subjects 


Healthy normal volunteers and subjects 
with a trisomy 21 karyotype were carefully 
screened according to procedures previ- 
ously described.”” Briefly, normal volun- 
teers underwent physical and neurological 
examinations, along with diagnostic x-ray 
computed tomography of the head and 
blood tests. Only subjects with no history or 
evidence of neurological or neuropsychiat- 
ric disorders (including depression) or 
other significant medical conditions (such 
as hypertension, diabetes, and malignancy) 
were accepted into the present study. Sim- 
ilar selection criteria, if unrelated to DS it- 
self, were used to screen subjects with DS. 
The purpose of the study, the tests per- 
formed, and the risks involved were de- 
scribed, and informed consent was obtained 
either from the subjects themselves or, in 
the case of subjects with DS, from the fam- 
ily and/or a legal guardian. The research 
was conducted under National Institutes of 
Health protocols 80-AG-26 (for the con- 
trols) and 81-AG-10 (for the subjects with 
DS). 

Thirty-seven healthy normal subjects 
were selected for the present study (age 
range, 20 to 91 years; 25 men and 12 wom- 
en), of which 17 (mean + SD age, 28.2 + 5.6 
years; 11 men and 6 women) and 12 
(mean + SD age 58.3 + 8.4 years; 6 men 
and 6 women) constituted age-matched con- 
trol groups for the young and old groups 
with DS, respectively. 

Individuals with DS were divided into 
two groups: 13 young subjects with DS (age 
range, 21 to 34 years; mean + SD age, 
26.7 + 3.5 years; 6 men and 7 women) and 6 
old subjects with DS (age range, 45 to 63 
years; mean + SD age, 52.3 + 6.7 years; 4 
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men and 2 women). Of the 6 older subjects 
with DS, 3 were found to be demented. De- 
mentia was diagnosed by using modified di- 
agnostic criteria for dementia according to 
the Diagnostic and Statistical Manual 
(third edition). Despite the mental retar- 
dation, these standards were found to be 
useful.” The subjects with DS had, for the 
most part, no history of institutionaliza- 
tion. Mean + SD heights of young and old 
subjects with DS (154 + 8 and 150 + 9 cm, 
respectively) were significantly lower 
(P < .05) than their respective age-matched 
controls (173 + 7 and 170 + 14 cm, respec- 
tively). During the course of this study, the 
3 demented elderly subjects with DS died, 
and all were found to have extensive Alz- 
heimer-type neuropathologic changes. The 
neuropathological changes observed in 1 of 
the subjects have been described.’ 


Sample Collection and Measurement 


Before lumbar puncture, all subjects 
were free of medication for at least 2 weeks 
and were placed on a diet that was low in 
monoaminergic precursors for 72 hours. 
Although not specifically controlled for 
choline content, the similarity of the diets 
received by both the normal and DS groups 
was thought to minimize the possible dif- 
ferential effects of diet on choline 
concentrations.” Following overnight bed 
rest and fasting, lumbar punctures were 
performed between 8:30 and 10:30 Am with 
subjects in the lateral decubitus position. 
After a sterile preparation, the L3-4 inter- 
space was infiltrated with 1% lidocaine. A 
20-gauge spinal needle was then inserted 
into the spinal subarachnoid space. Speci- 
mens were analyzed only if the CSF was 
clear and had normal cell counts and nor- 
mal protein and glucose levels as deter- 
mined during routine clinical biochemical 
analyses. The first 12 mL of CSF was pooled 
and immediately placed on ice. One-millili- 
ter aliquots were then frozen at —70°C un- 
til assayed. 

For analysis of rostrocaudal CSF choline 
gradients, CSF was removed by lumbar 
puncture from 10 healthy normal subjects 
(5 young and 5 old) and 8 subjects with DS 
(4 young and 4 old). Of a total 30 mL 
collected from each subject, the initial 4 mL 
was submitted for routine clinical biochem- 
ical analysis, and the remaining 26 mL was 
collected as thirteen 2-mL fractions. In the 
present study, the choline concentrations 
were measured in the 9- to 10-, 15- to 16-, 21- 
to 22-, and 27- to 28-mL fractions. 

Just before lumbar puncture, venous 
blood was withdrawn from an indwelling 
intravenous catheter that had been placed 
10 hours before (to minimize acute changes 
of blood and CSF neurotransmitters*). To 
assess stress, which may influence the con- 
centrations of some neurotransmitter 
markers, stable blood pressures and heart 
rates were recorded during three or more 
successive 10-minute periods before venous 
sampling. The blood was placed in heparin- 
ized polypropylene tubes and immediately 
centrifuged at 50009 at 4°C. Plasma was re- 
moved and prepared as described else- 
where% and then stored at —70°C until as- 
sayed. 

Choline concentrations were determined 
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CSF Choline Concentration, nmol/mL 


Fig 1.—Relationship between lumbar cerebros 
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in healthy normal subjects. y = 0.023x+ 1.72, R = .73, P < .0001. 
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Fig 2.—Lumbar cerebrospinal fluid (CSF) choline concentrations in age-matched controls and 
subjects with Down’s syndrome (DS). Choline concentrations in young subjects with DS were sig- 
nificantly higher than in age-matched controls (asterisk indicates P < -05, Bonferroni t test). 
Closed squares show choline concentrations in the three demented elderly subjects with DS, all 
of whom at autopsy had Alzheimer-type neuropathological changes. 


in duplicate samples by using gas chroma- 
tography/mass spectrometry.” The differ- 
ence between concentrations measured in 
identical samples was less than 10%. 


Statistical Analysis 


Differences between mean values for CSF 
and plasma choline in the young and old 
control and DS groups were analyzed with 
a one-way analysis of variance and Bonfer- 
roni t statistics.” Homogeneity of variance 
was examined with Bartlett’s test.: The 
criterion of statistical significance was 
P<.05. Individual parameters were re- 
lated to age and height by means of linear 
regression by using the method of least 
squares.” The ¢ tests were used to compare 


the slopes of the regression lines between 
subjects with DS and controls.” Cere- 
brospinal fluid and plasma choline levels 
were correlated with each other and with 
age and height. 


RESULTS 


In healthy control subjects, the CSF 
choline concentrations increased sig- 
nificantly with aging (Fig 1), whereas 
plasma choline concentrations were 
age independent (data not shown). 
Compared with their respective age- 
matched control values, the CSF 
choline concentrations were elevated 
(by 49%) in young subjects with DS, 
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Fig 3.—At top and at center, Cerebrospinal fluid (CSF) choline concentrations in normal subjects 
and subjects with Down’s syndrome (DS) plotted as a funetion of volume of CSF removed at lum- 
bar puncture. Data show similar gradient slopes in young and old normal subjects and subjects 
with DS. At bottom, Choline concentrations expressed as a percentage of values in initial fraction 
(9 to 10 mL) in combined normal and DS groups. (Values are expressed as a percentage of initial 
fraction to decrease variance of data.) The gradient slopes in both groups were similar. Error bars 


show SDs. 


but were normal in old subjects with 
DS (Fig 2). The CSF choline concen- 
trations did not correlate with subject 
height in either the control or DS 
groups. 

Plasma choline concentrations were 
available for only about half of the 
subjects studied. However, there were 
no significant differences between 
plasma choline concentrations be- 
tween either young controls and young 
subjects with DS (mean[+SD] plasma 
choline levels, 9.4 + 1.3 nmol/mL 
[n = 4] and 9.7 + 1.9 nmol/mL [n = 9], 
respectively) or old controls and old 
subjects with DS (9.4 + 3.1 nmol/mL 
[n=9] and 12.2 +3.2 nmol/mL 
[n = 3], respectively). 

Figure 3 illustrates the relationship 
between the CSF choline concentra- 
tion and the volume of CSF removed 
following lumbar puncture in healthy 
normal subjects and subjects with DS. 
The data clearly show that there is no 
gross difference in the gradient slope 
between either young and old healthy 
normal subjects or between young nor- 
mal subjects and young subjects with 
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DS and old normal subjects and old 
subjects with DS. When data for young 
and old subjects in each group were 
combined (Fig 3, bottom panel), the 
overall gradient slopes for the com- 
bined normal and DS groups were 
similar, with both groups clearly dem- 
onstrating higher CSF choline concen- 
trations in more caudal CSF fractions. 


COMMENT 


In contrast to the present study, in 
which choline concentrations were 
found to be higher in more caudal 
samples of sequential fractions of spi- 
nal CSF, in previous studies, choline 
concentrations have been reported to 
be similar in two 10-mL fractions of 
CSF from neurological controls and 
patients with Parkinson’s disease” or 
to be higher in more rostral fractions 
of CSF from miscellaneous neurologi- 
cal patients.” Although the reasons 
for these discrepancies are unclear, 
they may be related to the more con- 
trolled procedures employed in the 
present study (ie, subjects were rigor- 
ously screened before admission into 
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the study, they were drug free and 
placed on a controlled diet, and before 
lumbar puncture, all subjects received 
bed rest and were fasted overnight). 
Furthermore, in the present study, we 
measured choline concentrations in 
four sequential CSF samples from 
each subject that would result in the 
better detection of the modest rostro- 
caudal choline gradient than when 
only two fractions were assayed.*™! 

In the present study, we observed an 
age-related increase in CSF choline 
concentrations in healthy normal sub- 
jects and increased CSF choline con- 
centrations in young subjects with DS, 
whereas more elderly subjects with DS 
had normal CSF choline concentra- 
tions. With respect to other patholog- 
ical conditions, CSF choline concentra- 
tions have generally been found to be 
unaltered in Alzheimer’s disease, Par- 
kinson’s disease, Huntington’s disease, 
miscellaneous extrapyramidal disor- 
ders, and head trauma.” 

In interpreting these results, it is 
important to consider to what extent 
CSF choline concentrations reflect 
central or peripheral choline metabo- 
lism. Choline readily crosses the blood- 
brain barrier, and in humans, oral 
administration of choline increases 
plasma choline concentrations that, in 
turn, result in increased CSF choline 
concentrations.**“* Furthermore, the 
rostrocaudal choline gradients ob- 
served in the present study, with 
higher concentrations in more caudal 
CSF fractions, are similar to the ros- 
trocaudal gradients of CSF total 
protein,” suggesting a similar origin 
(ie, plasma) for total protein and at 
least a part of CSF choline. 

Although CSF choline undoubtedly 
originates in part from plasma, it has 
been estimated that in rabbits this 
plasma contribution is about 40% of 
total CSF choline concentrations,'** 
with 60% of CSF choline presumably 
originating from other (ie, central) 
sources. Although in humans the 
plasma contribution to CSF choline 
concentrations is not known, the lack 
of correlation between plasma and 
CSF choline concentrations observed 
by us and others% indicate that al- 
though the rostrocaudal choline gra- 
dients are consistent with a plasma 
origin of at least part of CSF choline, 
other nonplasma (ie, central) sources 
must also contribute significantly to 
CSF choline concentrations in hu- 
mans. With respect to the central ori- 
gin of choline in CSF, it is likely that 
choline is derived from phospholipids 
rather than acetylcholine metabolism. 

The increase in CSF choline concen- 
trations with aging in healthy normal 
subjects (Fig 1) is in agreement with 
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that of previous reports of age-related 
changes in CSF choline concentrations 
in neurological controls.*°**** This age- 
related increase in the CSF choline 
concentration is probably of central 
origin since plasma choline concentra- 
tions did not change with age. With 
aging, there may be either an increase 
in the choline concentration produced 
from phospholipid turnover or, alter- 
natively, a decrease in choline trans- 
port out of the CSF.” 

Since the site at which CSF is sam- 
pled along the neuraxis can influence 
the concentrations of, for example, 
5-hydroxyindoleacetic acid (the major 
serotoninergic metabolite),” it is pos- 
sible that the increased CSF choline 
concentrations in young adult subjects 
with DS may be a consequence of the 
shorter stature of these subjects. How- 
ever, this does not seem to be the case 
since the CSF choline concentrations 
did not correlate with subject height 
and the increased choline concentra- 
tions were not observed in the older 
subjects with DS who were also 
shorter than their age-matched con- 
trols. Moreover, CSF choline gradients 
were similar in control and DS groups 
(Fig 3), which suggests not only that 
stature did not influence the results 
but also that there was no gross dis- 
turbance of CSF dynamics in subjects 
with DS. 

In young subjects with DS, elevated 

-CSF choline concentrations may be a 
result of a deficit in choline transport 
out of CSF. However, it is difficult to 
envisage a mechanism by which the 
transport mechanism would be im- 
paired in young subjects with DS, yet 
normal in more elderly subjects with 
DS. On the other hand, it may be that 
in young subjects with DS, there is 
more choline released from membrane 
choline-phospholipids, perhaps by 
“autocannibalism.’*' Indeed, it is in- 
teresting to note that in fetuses with 
DS, brain phospholipid metabolism 
appears to be abnormal.” In elderly 
subjects with DS, more normal CSF 
choline concentrations may be re- 
stored as a consequence of either the 
brain becoming “burned out” or the 
superimposition of Alzheimer-type 
neuropathological changes. With re- 
spect to the possibility that certain 
metabolic processes may be enhanced 
in young but not old subjects with DS, 
it is interesting to note that, like 
choline, CSF noradrenaline and 5-hy- 
droxyindoleacetic acid concentrations 
are also elevated in young, but are 
normal in older, subjects with DS.” 


The authors acknowledge the excellent techni- 
cal assistance of Ursula Kopp and Marcie Rosen- 
garten. 
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Results from: 
Comparative cognitive effects of anticonvulsants 


KJ. Meador, DW. Loring, K. Huh, B.B. Gallagher, DW. King 
Neurology. 1990;40:391-394. 


Patients receiving per ern and 
carbamazepine had virtually 
identical cognitive performances’ 


m Fifteen seizure patients treated with phenytoin, carbamazepine, 
and phenobarbital for 3 months each were given a cognitive 
evaluation at the end of each treatment period’ 


m Cognitive tests were designed to assess deficits associated 
with anticonvulsants—impairments in memory, information 
processing, attention/concentration, and motor speed’ 


m Mean cognitive scores and individual responses failed to 
suggest a trend toward differential effects’ 


Mean scores* for cognitive measures 


























































Cognitive Measures ___| Carbamazepine | Phenytoin | Phenobarbital 
Grapho-Motor Coding 48 48 43 

Simple Attention‘ 5.5 5.5 5.7 

Simple Attention* 4.0 | 4.5 | 4.5 x 
Selective Reminding Test 53 59 | 49 

Repetitive Motor Speed 46 45 44 
Coordination/Motor Speed [ 72 | z 74 
Decisional/Motor Speed 

















*On Decisional/Motor Speed, it was desirable to achieve 
score as possible. However, there was no significant difference b: 
of Grapho-Motor Coding—the score for phenobarbital wa 


tDigit Span Forward. * Digit Span Backward 


Rigorous study design helped prevent patient 
selection bias—a flaw of most earlier studies 
m Randomized, double-blind, triple-crossover study design < 
helped prevent patient selection bias? 


m Dosages were adjusted to be within the standard therapeutic 
range (phenytoin, 10 to 20 g/mL; carbamazepine, 6 to 12 pg/mL; 
phenobarbital, 15 to 40 ug/mL)' 
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Before prescribing, please see full prescribing information. A Brief Summary follows. 


INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
mal) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see 

Dosage and Administration and Clinical Pharmacology in the full prescribing information) 
CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 
WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
epilepticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
ation, or substitution of alternative antiepileptic medication arises, this should be done gradually. 
However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
belonging to the hydantoin chemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the 
development of lymphadenopathy (local or generalized) including benign lymph node 
hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resembling serum sickness, eg, 
fever, rash and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an extended period is indicated and 
every effort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
decrease serum levels. 

In view of isolated reports associating phenytoin with exacerbation of porphyria, caution should 

be exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports suggests an association between the use of 
antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children bom 
to these women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 
than drug therapy in leading to birth defects. The great 
majority of mothers on antiepileptic medication deliver 
normal infants. It is important to note that antiepileptic drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures, because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
cases where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 
even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mental deficiency in children born to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measurement of serum 
phenytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 
guide to an appropriate adjustment of dosage. However, postpartum restoration of the original 
dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
or correct this defect and has been recommended to be given to the mother before delivery and 
to the neonate after birth. 

PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients 
with impaired liver function, elderly patients, or those who are gravely ill may show early signs 
of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to 
metabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
of induction; it appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) If the rash is 
of a milder type (measles-like or scarlatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced 
phenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same 
patients. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 
reported. Phenytoin may also raise the serum glucose level in diabetic patients. 

Osteomalacia has been associated with phenytoin therapy and is considered to be due to 
phenytoin's interference with Vitamin D metabolism. 

Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. 
Appropriate diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and 
absence (petit mal) seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional states 
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referred to as “delirium; “psychosis.” or “encephalopathy,” or rarely irreversible cerebellar 
dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels are recommended. Dose 
reduction of phenytoin therapy is indicated if plasma levels are excessive; if symptoms persist, 
termination is recommended. (See Warnings.) 

Information for Patients: Patients taking phenytoin should be advised of the importance of 
adhering strictly to the prescribed dosage regimen, and of informing the physician of any clinical 
condition in which itis not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first 
seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or 
which phenytoin may affect. Serum level determinations for phenytoin are especially helpful 
when possible drug interactions are suspected. The most commonly occurring drug interactions 
are listed below: 1. Drugs which may increase phenytoin serum levels include: acute alcohol 
intake, amiodarone, chloramphenicol, chlordiazepoxide, diazepam, dicumarol, disulfiram, 
estrogens, Ho-antagonists, halothane, isoniazid, methylphenidate, phenothiazines, 
phenylbutazone, salicylates, succinimides, sulfonamides, tolbutamide, trazodone. 
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Immature Pattern of Brain Activity in Rett Syndrome 


Jytte Bieber Nielsen, MD; Lars Friberg, MD; Hans Lou, MD, PhD; 


Niels A. Lassen, MD, PhD; Ian L. K. Sam 


© Seven girls with Rett syndrome, a 
progressive degenerative encephalopa- 
thy affecting girls, were studied with sin- 
gle photon emission computed tomogra- 
phy and compared with an aged-matched 
control group of nine normal children. 
Global cerebral blood flow was signifi- 
cantly lower in Rett syndrome (54 vs 69 
mL/100 g per minute), and the flows in 
prefrontal and temporoparietal associa- 
tion regions of the telencephalon were 
markedly reduced, whereas the primary 
sensorimotor regions were relatively 
spared. The flow distribution in Rett syn- 
drome is very similar to the distribution of 
brain metabolic activity in infants of a few 
months of age. The abnormal regional ce- 
rebral blood flow distribution most likely 
reflects the widespread functional distur- 
bances in the brain of patients with Rett 
syndrome, whereas computed tomo- 
graphic and neuropathologic examination 
only reveal slight changes when compared 
with normal children. 

(Arch Neurol. 1990;47:982-986) 


n 1966 Andreas Rett! described 22 

girls with a progressive neurode- 
generative disorder, which is now 
known as Rett syndrome (RS). Since 
then, about 1500 cases, all female, have 
been registered throughout the world. 
The prevalence is about 1:10000 in 
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girls.” The etiology is yet unknown, and 
in the absence of a specific biologic 
marker the diagnosis has to be based 
on the clinical characteristics of the 
syndrome.’ The prenatal and perinatal 
development appears normal as is the 
first 6 to 18 months of postnatal devel- 
opment. There is a normal head cir- 
cumference at birth, but the head 
growth decelerates between 5 months 
and 4 years of age. The initial symp- 
toms are a rapid loss of acquired hand 
skills, which are replaced by stereo- 
typic hand movements such as wring- 
ing or clapping. The communication 
becomes disturbed with social with- 
drawal, often misinterpreted as au- 
tism. Severe mental retardation is ap- 
parent together with apraxic and 
ataxic gait disturbance. 
Hyperventilation and/or breath 
holding is prominent in more than half 
of the girls, and about 80% develop ep- 
ilepsy. Spasticity and progressive sco- 
liosis develop later, in some girls to the 
degree that ambulation is lost. 
Despite these profound distur- 
bances in neurologic function, the neu- 
ropathologic findings have been lim- 
ited to unspecific and mild abnormali- 
ties in the central nervous system: 
mild diffuse cortical atrophy, microen- 
cephaly related to duration of the dis- 
order, and underpigmentation of the 
neurons in the substantia nigra.*5 
Normal‘ or low’ values of dopamine 
and serotonin metabolites and high 
levels of $-endorphins’ have been 
found in cerebrospinal fluid from pa- 
tients with RS. Results of positron 
emission tomographic studies have 
shown dopamine receptor (D,) activity 
in the low-normal range in one patient? 
and a markedly lower metabolism in 
the “occipital (nonvisual)” region in 


two patients. This present study is 
the first in which regional cerebral 
blood flow has been measured in pa- 
tients with RS. As the regional cere- 
bral blood flow distribution reflects the 
regional metabolism, this study can 
give insight into the functional cere- 
bral pathology of RS. 


PATIENTS AND METHODS 
Patient Group 


Seven girls fulfilling the criteria for RS, 
in the age range between 6.7 and 17.9 years 
(median, 10.1 years) were studied. All of the 
girls were in stage 3 or 4, according to the 
clinical staging system of Hagberg and 
Witt- Engerstrém." Patient data are listed 
in Table 1. 


Control Group 


Nine normal children were examined, 
three girls and six boys, with a median age 
of 13.6 years (range, 7.1 to 14.8 years). The 
results of the examination of this group are 
described in detail elsewhere.? We have 
used these children as a control group and 
have in this way avoided examination of a 
new group of normal children. 

All children were examined after in- 
formed consent was obtained from the par- 
ents and the children of the control group. 

The study was conducted in accordance 
with the Helsinki Declaration II and was 
approved by the local ethical committee. 


Methods 


All children were examined at rest with 
eyes open, except for two children with eyes 
closed in each group. Some motor activity of 
the hands were present in the patients with 
RS, as well as in the control subjects. 

The control group and the patients with 
RS were studied with two different, but al- 
most identical single photon emission com- 
puted tomographic (SPECT) methods and 
equipment. In both cases one examination 
lasted 44% minutes. 

The control group was studied using To- 
momatic 364 SPECT equipment after inha- 
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Table 1.—Clinical Data Supplemented With Available Data on Head Size for the Seven Girls With Rett Syndrome* 










































Head Size 
Months of in Relation Age at 

Patient Normal Clinical to Height, Age at CT Scan, Results of 
No. Development Stage Ambulatory Scoliosis Epilepsy Hyperventilation Percentile CBF, y y CT Scans 

3 Yes = (+) + 25 10.1 5 Normal 

3 Yes ++ ttt + 35 9.2 7 Normal 

3 8 4 Never +t trt + <1 10.3 2 Normal 
7 Mild central and 






cortical atrophy 
4 Normal 

























Normal 


Central and cortical 
atrophy 


4 Slight progression 
Normal 
* CBF indicates cerebral blood flow; CT,computed tomographic; +, present; minus sign, not present; (+), controlled with medication; ++, moderate; +++, severe. 

















Fig 1.—Regional cerebral blood flow distribution in Rett syndrome compared with normal control 
group. In the hatched areas the median relative flow was lower than in the control group; in the 
lation of xenon 133. This equipment re- checked area it was higher. NS indicates not significant. A indicates left anterolateral prefrontal; 
corded regional cerebral blood flow simul- B, mesio frontal, C,- C,: left perisylvian; D, left striatum; E, left primary sensorimotor; F, left pos- 
taneously from three transsagittal slices terior periventricular; G, left temporoparietal; and H, visual association. 
separated with intervals of 40 mm and with 
a spatial resolution of 17 mm in the plane. 

The patients with RS were examined us- 
ing Tomomatic 232 SPECT equipment. The 
patients with RS were unable to cooperate 
by inhaling xenon 133 gas. These patients 
received an intravenous bolus injection of 
xenon 133 dissolved in saline. Regional ce- 
rebral blood flow was recorded simulta- 
neously from two transsagittal slices and 
with a spatial resolution of 12 mm in the 
plane. 

The SPECT method and calculation of 
regional cerebral blood flow values have 
been described in detail elsewhere." With 
both methods the dose used was approxi- 
mately 1500 MBq of xenon 133 for one mea- 
surement. The dose equivalent of the radio- 
active radiation received was approxi- 
mately 0.60 mSv. 

Great care was taken in order to assure 
proper positioning of the head. During the 
measurement the head was stabilized with 
an inflatable cuff to avoid head movements. 
A transsagittal slice positioned 50 mm 
above and parallel to the orbitomeatal line 
was analyzed for ratios in regional cerebral 
blood flow distribution. Regions of interest 
were defined as shown in Fig 1. These 
regions were stored in an ellipsoid matrix 
and superimposed on regional cerebral 
blood flow pictures of all control subjects 
and patients after adjusting the ellipsoid to 
the individual head size. Global blood flow 
was calculated as the mean of the regional 
cerebral blood flow values in the total num- 
ber of voxels. Relative mean regional cere- 
bral blood flow in the region of interest in 
relation to the mean global blood flow 
(=100%) was calculated. In this way we 
avoided errors due to a minor difference in 
the calculated absolute blood flow values, 
which might be the consequence of two 
slightly different algorithms used for inha- 
lation and intravenous studies. 

The Mann-Whitney rank sum test for 
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Table 2.—Absolute Values of Regional Cerebral Blood Flow in Seven Girls With Rett Syndrome 
Right * 


Regions of Interest 











































































Hemisphere 54 11 43-65 53 12 43-65 
Mesiofrontal 50 A 38-67 50 6 37-64 
Anterolateral-frontal 44 5 38-55 42 6 36-53 
Perisylvian region 52 7 42-63 49 8 37-66 
Sensorimotor 62 9 49-85 60 10 49-77 
Temporoparietal 48 5 33-61 45 T 30-58 
Visual association area 58 10 41-81 58 12 41-78 
Striatum 51 7 41-63 54 7 40-66 
Posterior ventricular 58 7 44-75 56 7 45-75 
Control group hemisphere 72 15 57-97 73 16 59-97 


*Values given are in milliliters per 100 g per minute. SDV indicates 1 SD. 


Table 3.—Cerebral Blood Flow (CBF) and Regional Cerebral Blood Flow (rCBF) Distribution 


Median and 95% Confidence Limits 
————————— 






































Patient Group Control Group Statistical 
(N = 7) (N = 9) Differences, P’ 
Global CBF, mL per 100 g per minute 54 (43-65) 69 (59-81) <.005 
rCBF distribution in regions of interest 
in percent of global CBF 
Left and right mesiofrontal 90 (83-108) 107 (99-112) <.02 
Left anterolateral-frontal 84 (74-93) 91 (85-97) NS 
Right anterolateral-frontal 81 (71-84) 89 (86-100) <.001 
Left perisylvian 99 (92-105) 102 (101-106) <.05 
Right perisylvian 91 (87-98) 105 (103-116) <.001 
Left sensorimotor 116 (103-131) 115 (106-126) NS 
Right sensorimotor 114 (94-134) 117 (110-126) NS 
Left temporoparietal 91 (77-100) 86 (82-92) NS 
Right temporoparietal 89 (70-93) 84 (84-87) NS 
Left and right visual association 104 (96-126) 94 (90-100) <.01 


areas 





Left striatum 


96 (84-111) 


102 (100-106) 





Right striatum 


100 (89-122) 


103 (100-111) 





Left posterior periventricular 


107 (102-116) 


100 (96-108) 








Right posterior periventricular 
*NS indicates not significant. 


unpaired data was used for comparing the 
relative regional flow in the patients with 
RS with the corresponding values in the 
control group; P < .05 was considered sta- 
tistically significant. 


RESULTS 


Table 2 shows the absolute mean 
flow values of the patients, and in Fig 
2 the absolute flow maps of patients 2, 
4, 5, and 6 are pictured. 

Table 3 shows the medians of global 
cerebral blood flow and the regional 
cerebral blood flow distribution in per- 
cent of global cerebral blood flow for 
the patient group and the control 
group. In the patient group the re- 
gional flow distribution to the mesio- 
frontal, the right anterolateral pre- 
frontal, and the perisylvian regions 
was significantly lower than in the 
control group, while it was higher in 
the occipital region. Additionally, the 
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105 (97-115) 


statistical differences are shown in 
Fig 1. 

The cerebellar flow in the patients 
seemed to be lower than normal, but 
statistical comparisons have not been 
made, as control data for this brain 
level were not available. 

The cerebral blood flow patterns 
were analyzed for anteroposterior ra- 
tios, defined as the ratio between the 
mesiofrontal and the occipital region. 
In the patient group the median an- 
teroposterior ratio was —13 (range, 
—30 to +7). In the control group the 
median anteroposterior ratio was +15 
(range, —8 to +24). This means that 
the anteroposterior ratio actually was 
about 30% lower in the patients com- 
pared with the control subjects. The 
difference was statistically significant 
(P < .002). 

It has not been possible to make a 
consistent subclassification of the pa- 
tients based on the anteroposterior 


104 (94-111) 





ratios, the distribution of flow, and 
global flow. Neither was it possible to 
correlate these values with the clinical 
condition of the girls. 

Mean ratio between left and right 
hemisphere flow was 0.98 (range, 0.96 
to 0.99) in the control group and 1.02 
(range, 1.00 to 1.06) in the patient 
group (P < .001). 


COMMENT 


The observed difference in global 
flow between the groups is not unex- 
pected from a clinical point of view. In 
presenile dementia, a similar reduc- 
tion can be seen. * Xenon 133 was given 
by inhalation in the control group, 
whereas most of the patients with RS 
received the tracer intravenously for 
practical reasons. The control group 
was studied at another hospital with 
similar equipment. These differences 
are, however, unlikely to account for 
the finding of 22% lower global cere- 
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Fig 2.—Regional cerebral blood flow images from four patients with Rett syndrome obtained at two slide 
levels, 10 mm (OM+10) and 50 mm (OM+50) above the orbitomeatal plane. The color scale on the right 
side indicates flow in milliliters per 100 g per minute. Top left, Patient 2; top right, patient 4; bottom left, pa- 
tient 5; and bottom right, patient 6. Note the severe hypofrontality in all patients. Only in the pericentral re- 
gions and the visual areas is there a normal regional cerebral blood flow distribution (level, OM+50). Also 
the cerebellum (level OM+ 10) seems to be affected by hypofunction. The high regional cerebral blood flow 
values seen frontally on level OM+ 10 in patients 4 and 5 are due to artifacts from high xenon 133 concen- 


trations in the nasal cavity. 


bral blood flow in the patient group. 
Comparisons of xenon 133 inhalation 
and intravenous injection studies have 
not revealed any systematic difference 
in the computed regional cerebral 
blood flow values.” We did not find any 
correlation between age and global ce- 
rebral blood flow either in patients or 
in control subjects, while other studies 
have shown a higher global flow in 
children than in adults.'* Probably, our 
lack of correlation is due to the rather 
narrow age range in the two groups. 
The most striking difference be- 
tween the groups was the pronounced 
frontal hypoperfusion showing that 
the patients had a 30% lower antero- 
posterior flow ratio than the control 
group. The difference was highly sig- 
nificant, and was due to abnormally 
low absolute flow values in the frontal 
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regions of the patients. The regional 
flow distribution to the perisylvian re- 
gions was also significantly lower in 
the patients, whereas flow to the pri- 
mary sensorimotor regions at the cen- 
tral sulcus and the occipital lobe was 
better preserved. The mean absolute 
value of the flow to the visual associa- 
tion area was lower than in the control 
subjects, 58 mL/100 g per minute vs 69 
mL/100 g per minute, but this differ- 
ence was not statistically significant. 

The major changes in global cere- 
bral blood flow and, in particular, ce- 
rebral blood flow distribution are, in- 
terestingly enough, not reflected in the 
results of the computed tomographic 
scannings of the girls. Only in two of 
the girls were there computed tomo- 
graphic signs of cortical and central 
atrophy. The scannings were obtained 


1 to 5 years before the cerebral blood 
flow measurements, and there might 
have been some progression in com- 
puted tomographic abnormalities. 
However, the result is in agreement 
with another investigation of four 
girls with RS where three of the girls 
had normal computed tomographic 
and magnetic resonance imaging 
scans.” 

Flow to the left hemisphere is nor- 
mally 2% lower than to the right hemi- 
sphere.” This difference was also seen 
in our control group, indicating that 
the right hemisphere is the most active 
at rest. In our patient group we ob- 
served a shift to the left, with a left- 
right ratio of 1.02. Patients with RS 
are initially mostly left-handed, but a 
shift from left- to right-handedness 
often takes place around the age of 7 
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years.” This has been interpreted as an 
indication of a more pronounced atro- 
phy in the right hemisphere. Accord- 
ingly a more pronounced spasticity in 
the left side has been found, with the 
scoliosis more often curving to the 
right.” 

An increased left-right ratio was 
also found in the two patients in the 
positron emission tomographic study 
in RS by Naidu et al.” However, 
marked differences between their 
study and ours were also seen. Naidu et 
al found a slight increase in the me- 
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tabolism in the frontal region and a 
markedly lower metabolism in the oc- 
cipital region. An explanation for this 
difference is not obvious. Our results 
seem to be in better agreement with 
the clinical picture in RS with its 
severe apraxia without paralyses, 
combined with truncal ataxia, loss of 
speech, and lack of initiative. 

Studies of normal cerebral develop- 
ment with positron emission tomog- 
raphy” have shown that the prefron- 
tal and temporoparietal regions are 
comparatively inactive before the 
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Multimodality Evoked Potentials in 
Motor Neuron Disease 


Janice Shanthi Subramaniam, BSe(Hon), Con Yiannikas, MD, FRACP 


@ We performed median and tibial nerve 
somatosensory evoked potentials (SEPs), 
pattern-shift visual evoked potentials 
(PSVEPs), and brain-stem auditory evoked 
potentials (BAEPs) on 27 patients with 
motor neuron disease (MND). Median and 
tibial nerve SEPs were abnormal in 8 (30%) 
of 27 and 3 (14%) of 21 patients tested, 
respectively. Central and peripheral ab- 
normalities were recorded in the absence 
of spondylosis. As a group, patients with 
MND and no evidence of cervical spondy- 
losis had normal conduction to Erb’s point 
following median nerve stimulation, but 
conduction times beyond this point were 
prolonged. The PSVEPs and BAEPs were 
within normal limits in all patients, exclud- 
ing abnormalities attributable to other dis- 
ease, but the group P100 latency was sig- 
nificantly prolonged in the group with 
MND. The BAEPs were normal in the group 
with MND. This study provides neurophys- 
iological evidence of sensory system in- 
volvement in MND. 

(Arch Neurol. 1990;47:989-994) 


Motor neuron disease (MND) is clas- 

sically described as a motor sys- 
tem disorder involving progressive de- 
generation of the upper (corticospinal 
and corticobulbar tracts) and/or lower 
motor neurons. Clinically, it is mani- 
fested by weakness and amyotrophy 
with or without spasticity and hyper- 
reflexia. Limb, trunk, or bulbar mus- 
culature is affected. Clinically, sensory 
involvement has been thought not to 
occur, and the demonstration of sig- 
nificant sensory abnormalities on neu- 
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rological or electrophysiological exam- 
ination has been grounds to reformu- 
late the diagnosis. However, a growing 
body of pathological’ and clinical*° 
evidence suggests that sensory path- 
ways may be involved in MND. 
Evoked potentials (EPs) provide an 
objective, noninvasive test of function 
in selected sensory pathways and have 
been used by several laboratories to 
investigate sensory involvement in 
MND.» To date, however, reports are 
conflicting and are confounded by in- 
adequate age matching of control data, 
insufficient screening of patients for 
additional disease, and methodological 
problems that make it impossible to 
localize abnormalities to the central 
nervous system or the periphery. In 
this study, we report the results of EP 
studies (median and tibial nerve so- 
matosensory EPs [SEPs], pattern- 
shift visual EPs [PSVEPs], and brain- 
stem auditory EPs [BAEPs]) per- 
formed on patients with different 
forms and varying degrees of MND. 
The patient group was carefully 
screened for additional disease and 
objectively assessed on a disability 
scale. Control data were age matched. 


PATIENTS AND METHODS 


Twenty-seven patients (19 male, 8 fe- 
male) were diagnosed as having MND by a 
neurologist based on the clinical and elec- 
tromyographic findings and in the absence 
of alternate causes on radiologic investiga- 
tion. Patients were classified as having 
pseudobulbar palsy (exclusively upper mo- 
tor neuron signs), primary muscular atro- 
phy (PMA; exclusively lower motor neuron 
signs), or amyotrophic lateral sclerosis 
(ALS; both lower motor neuron and pyra- 
midal signs, with or without bulbar signs). 
Disease severity was assessed on a disabil- 
ity scale* based on bulbar function, limb 
function, and patient independence. Low 
scores indicate severe disability; a maxi- 
mum score of 25 indicates normal function. 


Myelograms were performed to exclude 
other causes of upper motor neuron disease, 
and sensory changes were assessed as part 
of the neurological examination. Nerve con- 
duction studies and electromyography were 
performed. Disease severity and disease 
type were correlated with central conduc- 
tion time to median nerve stimulation for 
all patients with MND without concurrent 
cervical spondylosis. We also assessed the 
correlation among abnormalities of periph- 
eral nerve conduction, clinical sensory ex- 
amination, and EP abnormalities. 

Somatosensory EPs were elicited by uni- 
lateral percutaneous stimulation (0.2-mil- 
lisecond square-wave pulse) at 2 Hz. Me- 
dian nerve SEPs were elicited by stimula- 
tion of the median nerve at the wrist at an 
intensity just sufficient to produce a small 
visible movement of the thumb. Tibial 
nerve SEPs were elicited by stimulation of 
the tibial nerve at the ankle at an intensity 
just sufficient to produce a slight plantar 
flexion of the foot. We recorded 256 or 512 
responses to median and tibial nerve stim- 
ulation using 52- and 100-millisecond post- 
stimulus sweeps, respectively. Recording 
band passes for subcortical and cortical re- 
sponses were 16 Hz to 3 kHz and 1.6 Hz to 
3 kHz (—3 dB points), respectively. 

In median nerve SEPs, active electrodes 
over Erb’s point, C-2, and the contralateral 
scalp 2 cm posterior to C-3 and C-4 (C; and 
C,, respectively) were referred to F, As- 
sessment was based on the absolute laten- 
cies of the Erb’s point potential (N9), the 
cervicomedullary potential (P/N13), and 
the onset and peak of the thalamocortical 
potential (N19,, and N19,,, respectively). In 
addition, the N9-P/N13, P/N13-N19, N9- 
N19, and N19,,-N19,, interpeak latencies 
were measured, the latter to assess 
thalamocortical conduction. In tibial nerve 
SEPs, aetive electrodes at the level of the 
first lumbar vertebra and at C, were refer- 
enced to the iliac crest and F, respectively. 
Assessment was based on the absolute la- 
tency of the spinal (N20) and cortical (N/ 
P37) potentials and the N20-N/P87 inter- 
peak latency. 

We elicited PSVEPs by an alternating 
(2-Hz) black-and-white checkerboard pat- 
tern, each check subtending an angle of 50’ 
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at the retina. The stimulus was presented 
monocularly using a rotating mirror pat- 
tern-shift stimulator. Full-field stimula- 
tion was routinely used (angle subtended by 
full field at the retina was 23.8° horizon- 
tally, 21.2° vertically). Half-field stimula- 
tion was used when necessary to clarify 
waveforms. We averaged 256 or 512 re- 
sponses over a 250-millisecond poststimu- 
lus period (band width, 1.6 to 300 Hz, —3 dB 
points). Five-channel PSVEPs were re- 
corded using a midline electrode 5 cm above 
the inion and electrodes spaced 5 and 10 cm 
laterally on each side, referenced to F,. Re- 
sponses were assessed on the latency of the 
first major positive component, P100. 

We elicited BAEPs by square-wave click 
stimuli (0.1 millisecond, 9 Hz) delivered 
through headphones. Rarefaction clicks 
were routinely used, but occasionally an al- 
ternating (condensation/rarefaction) stim- 
ulus was presented to clarify the position of 
wave I. Monaural click stimuli (70 dB above 
click threshold for each ear) and a con- 
tralateral masking white noise (40 dB above 
noise threshold for each ear) were pre- 
sented stimultaneously. We averaged 1024 
or 2048 responses over a 10-millisecond 
poststimulus sweep (band width, 53.2 Hz to 
3 kHz, —3 dB points). Two-channel BAEPs 
were recorded with active electrodes on the 
earlobes referenced to the vertex and were 
assessed on the latency of waves I, III, and 
V and the I-III, III-V, and I-V interpeak la- 
tencies. 

The EPs were routinely recorded using 
silver-silver chloride cup electrodes (im- 
pedance <5 kQ), but fine stainless steel sub- 
dermal needle electrodes were often used to 
record the lumbar spine potential. In all 
subjects, averaged responses were repli- 
cated and superimposed to ensure repro- 
ducibility. 

Peak and interpeak latencies were tested 
against age-matched, height-matched, and 
arm length-matched control data for this 
laboratory (20 to 30 control subjects for 
each modality) using a 98.8% tolerance 
limit (+2.5 SDs). In addition, peak and in- 
terpeak latencies for a group of patients 
with MND with normal cervical myelo- 
grams, auditory thresholds, and visual acu- 
ities were compared with age-matched con- 
trol groups to test for group abnormalities 
in median nerve SEPs, PSVEPs, and 
BAEPs. The number of patients with MND 
with normal full myelograms was insuffi- 
cient to permit a similar analysis of tibial 
nerve SEPs. A one-tailed Student’s ¢ test at 
a level of significance of P = .05 was ap- 
plied. 


RESULTS 


Of 27 patients studied, 16 had ALS, 
9 had PMA, and 2 had pseudobulbar 
palsy (Table 1). Two patients had fa- 
milial disease (1 ALS, 1 PMA), and 25 
had sporadic disease. Disease severity 
scores ranged from 6 (severely debili- 
tated) to 25 (normal), with a mean dis- 
ability score of 20. 

Abnormalities of median nerve 
SEPs were present in 11 (41%) of 27 
patients studied. In 8 of these there 
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was no radiologic evidence to sug- 
gest coexisting cervical spondylosis. 
Within these 8 patients, the most com- 
mon abnormality was prolongation of 
the P/N13-N19 central conduction 
time (5 of 8 patients; 4 bilaterally, 1 
unilaterally; Fig 1, top and center top). 
Two patients (Fig 1, center bottom) 
had unilaterally prolonged N9-P/N13 
conduction times (DL, 5.1 milliseconds; 
mean [+26 SE] age-matched control 
interpeak latency, 4.8 milliseconds; 
VD, 4.5 milliseconds; mean age- 
matched control interpeak latency, 4.1 
milliseconds). In a single patient, a 
broad negativity was recorded bilater- 
ally at the scalp, measured as an in- 
crease in the N19,,-N19,, time (Fig. 1, 
center top). In one patient with no ev- 
idence of additional peripheral dis- 
ease, the N9 potential was bilaterally 
delayed (Fig 1, bottom). In the remain- 
ing 3 cases, there was myelographic 
evidence of concurrent cervical 
spondylosis. One of these had bilater- 
ally absent P/N13 responses with uni- 
laterally increased N9-N19 conduction 
time (Fig 2), while the other 2 patients 
had unilaterally prolonged N9-P/N13 
conduction times of 5.4 milliseconds 
(mean age-matched control interpeak 
latency, 4.4 milliseconds) and 4.8 mil- 
liseconds (mean age-matched control 
interpeak latency, 4.3 milliseconds), 
with normal central conduction times. 

We compared 11 patients with MND 
(normal cervical myelograms) with 
age-matched controls (Table 2) and 
found no difference in conduction to 
Erb’s point between the two groups 
(N9; P = .11). However, the group with 
MND had prolonged N9-P/N13 
(P = .03) and N19,,-N19, (P = .02) 
conduction at a level of significance of 
P=.05 and prolonged P/N13-N19 
(P <.01) and N9-N19 (P<.01) at a 
level of significance of P = .01. 

Three of 21 patients had abnormal 
tibial nerve study results and normal 
full myelograms. One patient had a 
unilaterally absent N20 potential, an- 
other had bilaterally absent N20 po- 
tentials and bilaterally delayed corti- 
cal responses (Fig 3, top), while the 
third had bilaterally dispersed cortical 
potentials in the presence of normal 
spinal potentials (on the right, the N/ 
P37 potential could not be confidently 
identified; Fig 3, bottom). Our number 
of patients with MND with normal full 
myelograms was insufficient to permit 
group comparisons of tibial nerve 
SEPs. 

Nerve conduction studies were ab- 
normal in 11 of 27 patients; in 6 cases 
the abnormalities were attributable to 
additional unrelated disease (eg, com- 
pressive or traumatic mononeuropa- 


Table 1.—Patient Data* 


ALS PMA PBP 
(n = 16) (n = 9) (n = 2) 
6/10 1/8 wa 


























Sex, F/M 
Disability score 
(Newrick and 
Langton-Hewer?*) 
Range 6-25 7-25 21-22 
Mean 20.0 20.6 21.5 
No. of patients with 
EP abnormalities and 
no alternate disease 


SEP 
Median nerve 4 5 (0) 
Tibial nerve 2 1 o 
PSVEP ie} ie} o 
BAEP ce) ie} 0 


*ALS indicates amyotrophic lateral sclerosis; 
PMA, primary muscle atrophy; PBP, pseudobulbar 
palsy; EP, evoked potential; SEP, somatosensory EP; 
PSVEP, pattern-shift visual EP; and BAEP, brain-stem 
auditory EP. 


thy). Of the remaining 5 cases, pure 
motor conduction abnormalities were 
recorded in 2 patients (possibly asso- 
ciated with degeneration of a large 
number of anterior horn cells), and in 
3 cases there were sensory conduction 
abnormalities. Two of these patients 
had abnormal clinical findings, with a 
mild bilateral decrease in pinprick and 
vibration sensation in a sock distribu- 
tion and absent ankle jerks, respec- 
tively. 

The distribution of disability scores 
in our group of patients with MND was 
too uneven to allow any conclusions 
about the correlation between P/N13- 
N19 conduction time and disease se- 
verity (r = .105; Fig 4). We found no 
difference in the central conduction 
time recorded in the groups with ALS 
and PMA (P =.24), and, overall, EP 
abnormalities were evenly distributed 
between these two groups (Table 1). 
The group with pseudobulbar palsy 
was too small for comment. 

We performed PSVEPs and BAEPs 
on 25 patients and observed no abnor- 
malities other than those attributable 
to peripheral hearing deficits (5 pa- 
tients) or cataracts (1 patient). Group 
comparisons of BAEPs in 20 patients 
with MND and 20 age-matched con- 
trols (Table 3) showed no difference in 
peripheral conduction (wave I) or in 
the I-III, III-V, and I-V interpeak la- 
tencies (P =>.1). Group comparisons of 
PSVEPs in 24 patients with MND and 
24 age-matched controls (Table 4) 
showed a significant prolongation of 
the P100 latency at a level of signifi- 
cance of P = .01 (P = .001). 


COMMENT 


The demonstration of subjective and 
objective abnormalities in a small pro- 
portion of patients with MND!” sug- 
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Fig 1.—Median nerve somatosensory evoked 
potentials from four patients with sporadic mo- 
tor neuron disease and no other significant 
disease. Trials were replicated and superim- 
posed to ensure reproducibility in all patients. 
Center top and center bottom show the aver- 
age of the replicated trials. Top, Normal N9 and 
P/N13 absolute latencies but bilaterally pro- 
longed P/N13-N19 conduction are shown (left 
interpeak latency [IPL], 7.9 ms; right IPL, 8.2 
ms; mean age-matched control IPL + 2.5 SD, 
7.0 ms). EP indicates Erb’s point. Center top, 
Normal N9 and P/N13 absolute latencies but 
bilaterally prolonged P/N13-N19 conduction 
(left IPL, 9.8 ms; right IPL, 10.7 ms; mean age- 
matched control IPL + 2.5 SD, 7.0 ms) and bi- 
laterally prolonged N19,,,-N19,, are shown (left 
IPL, 6.9 ms; right IPL, 6.3 ms; mean age- 
matched control IPL + 2.5 SD, 5.0 ms). Center 
bottom, Normal N9 absolute latencies but pro- 
longed N9-P/N13 conduction on the left are 
shown (left IPL, 5.1 ms; mean age-matched 
control IPL + 2.5 SD, 4.8 ms). N9-P/N13is at 
the upper limit of normal on the right (IPL, 4.8 
ms). Bottom, Bilaterally delayed N9 potentials 
(left N9, 12.4 ms; right N9, 12.1 ms; mean 
age-matched control N9 + 2.5 SD, 10.4 ms). 


gests that degeneration may involve 
sensory pathways in this disease. In 
this study, two patients presented with 
subjective and objective sensory defi- 
cits (abnormal clinical sensory exami- 
nation results and abnormal sensory 
nerve conduction study results not as- 
sociated with any disease other than 
MND). 

There is also convincing pathologi- 
cal evidence of sensory fiber involve- 
ment at a peripheral and central level. 
Autopsy studies of patients with ALS 
have demonstrated spinal ganglia 
involvement? and marked pallor of the 
posterior columns, particularly in the 
fasciculus gracilis.** A reduction in the 
neuronal population of Clarke’s 
nucleus! and a decrease in choline 
acetyltransferase level in the dorsal 
horns and in the region of Clarke’s nu- 
cleus in patients with ALS has also 
been noted.’ Morphometric studies of 
the spinal cord at the level of L-5’ 
demonstrated a 54% decrease in the 
number of large afferent neurons in 
the dorsal root ganglia and a 27% re- 
duction in the number of large myeli- 
nated fibers in the dorsal root. Other 
studies have demonstrated consistent 
segmental demyelination and remyeli- 
nation in peripheral sensory nerves‘ 
and a significant reduction in the den- 
sity of myelinated fibers in the sural 
nerve.2 Thus, there is convincing 
pathological and clinical evidence of 
sensory fiber involvement at central 
and peripheral levels. 

Hudson‘ found the incidence of pos- 
terior column involvement to be less 
than 10% in sporadic ALS but as high 
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as 70% in familial disease. Recently, it 
has been suggested” that the incidence 
of familial MND may be frequently 
underestimated because of difficulty in 
obtaining sufficient comprehensive in- 
formation and that it may account for 
at least 10% of cases. Given the prom- 
inence of sensory disease in familial 
MND, one would predict a fairly high 
incidence of sensory disease in the 
population with MND at large. Such 
disease may well underlie the seem- 
ingly sporadic occurrences of sensory 
abnormalities in patients with MND. 

Several EP studies have investi- 
gated sensory tract involvement in 
MND, but to date most reports are 
equivocal. The early data of Dustman 
et al” suggesting median nerve SEP 
abnormalities in patients with ALS 
were incomplete and not statistically 
analyzed. Most reports since then have 
been confounded by methodological 
problems. A number of studies report- 
ing median nerve SEP abnormalities 
fail to exclude or at least identify pa- 
tients with cervical spondylosis.'!'*!° 
The fact that all the patients of Mathe- 
son et al’? with abnormalities of the 
cortical potential also had P/N13 ab- 
normalities suggests that cervical my- 
elopathy secondary to spondylosis may 
well have been a complicating factor in 
this study. Other studies’ fail to lo- 
calize SEP abnormalities to the pe- 
riphery or the central nervous system, 
while still other reports of normal'*4° 
and abnormal” median nerve SEPs in 
MND do not specify adequate age 
matching of patient and control data. 

Abnormal responses to median 
nerve stimulation were recorded in 11 
of our 27 patients with MND compared 
with an age-matched control group. In 
8 cases with no myelographic evidence 
of spondylosis, the abnormalities con- 
sisted of delayed N9 potentials, pro- 
longed N9-P/N13, P/N13-N19, and 
N9-N19 conduction times, as well as 
dispersion of the thalamocortical po- 
tential. In a further three patients 
with myelographic evidence of cervical 
spondylosis, the findings included pro- 
longed N9-P/N13 and N9-N19 conduc- 
tion times and normal central conduc- 
tion times, consistent with typical ab- 
normalities in cervical myelopathy.” 
The findings that N9-P/N13 conduc- 
tion can be prolonged in cervical 
spondylosis and pure MND suggests 
that abnormalities between the bra- 
chial plexus and the lower medulla 
cannot be used in differentiating these 
disorders. However, an increase in cen- 
tral conduction time in the presence of 
normal N9-P/N13 conduction argues 
against spondylitic myelopathy as the 
cause. Spondylosis severe enough to 
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Fig 2.—Median nerve somatosensory evoked potentials from a patient with sporadic amyotrophic 
lateral sclerosis and concurrent C4-5 canal stenosis and C4-7 spondylosis. P/N13 potentials 
were absent bilaterally. N9-N19 conduction was at the upper limit of normal on the left and pro- 
longed on the right (left interpeak latency [IPL], 11.3 ms; right IPL, 12.3 ms; mean age-matched 


control IPL + 2.5 SE, 11.3 ms). EP indicates Erb’s point. 





Table 2.—Group Comparisons in Evoked Potentials * 














































































Potential Normal MND P 
Median nerve SEP 
No. of arms 22 22 
Age, y 57.2 + 15.4 56.8 + 15.0 
Latencies, ms 
N9 9.8 + 1.2 10.3 + 0.9 
N9-P/N13 3.4 + 0.5 3.7 + 0.6 
P/N13-N19 6.0 + 0.6 7.0 + 1.5 
N9-N19 9.4+07 10.7 + 4.2 
N19,,-N19,, 0.6 + 0.9 46+ 1.6 
BAEP 
No. of ears 40 40 
Age, y 58.7 + 14.8 61.4 + 9.62 
Latencies, ms 
l 1.52 + 0.21 1.60 + 0.23 
1-11 2:17 -t 0.22 2.24 + 0.22 
lll-V 1.95 + 0.22 1.90 + 0.19 
l-V 4.12 + 0.25 4.14 + 0.25 








PSVEP 




















No. of eyes 48 48 
Age, y 69.5 + 12.3 62.6 + 11.1 
P100 latency, ms £ 102.7 + 5.9 








*MND indicates motor neuron disease; SEP, somatosensory evoked potential; BAEP, brain-stem auditory 
evoked potential; and PSVEP, pattern-shift visual evoked potential. Values are mean + SD. For SEPs, group 
data were from 11 patients with MND with normal cervical myelograms and 11 age-matched control subjects; 
for BAEP, group data were from 20 patients with MND with normal auditory thresholds and 20 age-matched con- 
trol subjects; and for PSVEP, group data were from 24 patients with MND with normal visual acuity and 24 age- 


matched control subjects. 


produce a central conduction delay 
would also severely disrupt N9-PN13 
conduction.” Our data do not support 
the suggestion made by Oh et al” and 
Cascino et al” that the presence of any 
SEP abnormality is useful in differen- 
tiating cervical spondylitic myelopa- 
thy from MND. However, it is an 
interesting observation that none of 
our group with pure MND had grossly 
dispersed or absent P/N13 potentials, 


whereas patients in our spondylitic 
group did. Perhaps the finding of se- 
verely disrupted N9-P/N13 conduction 
or absent P/N13 potentials is grounds 
to look for alternate or concurrent dis- 
ease. 

Comparison of a group of patients 
with pure MND (normal cervical mye- 
lograms) with an age-matched control 
group showed no difference in periph- 
eral conduction (normal N9 latency) 
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but a prolongation of N9-P/N13 and 
P/N13-N19 conduction in the group 
with MND, with central conduction 
being more significantly affected. 
Given that the N9-P/N13 conduction 
was within normal limits in the ma- 
jority of individual studies, the group 
abnormalities may suggest a mild in- 
volvement of the large-diameter pe- 
ripheral sensory fibers in some pa- 
tients with MND. Central conduction 
may be more severely and/or fre- 
quently affected, implying a more sig- 
nificant involvement of sensory tracts. 

Studies to date of tibial nerve SEPs 
in patients with MND also have meth- 
odological limitations. Abnormalities 
in the latency of the cortical potential 
and central conduction time have been 
reported, but coexisting spondylo- 
sis was not excluded by full myelogram 
in these studies. Other studies’ do 
not adequately age match their patient 
and control groups. The report of 
Matheson et al” of central conduction 
defects in 13 of their 32 patients is 
complicated by the L-1 potential not 
having been recorded. They define a 
central conduction defect as an abnor- 
mal cortical potential in the setting of 
normal H-reflexes. However, the SEPs 
were elicited by stimulation at the an- 
kle, while the H-reflexes were elicited 
by stimulation at the popliteal fossa, 
leaving a significant segment of pe- 
ripheral sensory nerve unassessed by 
the H-reflex. In addition, the H-reflex 
elicited at the popliteal fossa assesses 
a single cord segment (S-1), while 
stimulation of the tibial nerve at the 
ankle involves several segments (L-5- 
S-2). We report abnormal spinal and/ 
or cortical responses to tibial nerve 
stimulation (in the setting of normal 
full spinal myelograms and normal 
nerve conduction study results) in 3 of 
21 patients studied. In 2 of these, the 
conduction deficit may have been pe- 
ripheral; in the third, there was an un- 
equivocal central conduction deficit. 

Brain-stem auditory EPs have been 
reported as normal in a total of 30 
patients." Two studies,” in which 
control data were not adequately age 
matched, have reported BAEP abnor- 
malities. Our study, using age- 
matched controls, found no BAEP ab- 
normalities attributable to MND. In 
particular, those patients with promi- 
nent oropharyngeal symptoms had 
normal BAEPs. Group statistics 
showed no BAEP differences between 
the group with MND and the control 
group, suggesting that degeneration 
may not affect this system. 

To date, PSVEPs have been normal 
in most MND studies.'*#!?* Matheson et 
al” reported minor prolongation of 
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Fig 3.—Posterior tibial nerve somatosensory evoked potentials from two patients with motor neu- 
ron disease and no other concurrent disease. Top, Bilaterally absent N20 potentials and bilater- 
ally delayed N/P37 responses are shown (left latency, 52.4 ms; right latency, 50.4 ms; mean 
age-matched control latency + 2.5 SE, 50.0 ms). Bottom, Normal N20 absolute latency but bilat- 
erally dispersed N/P37 potentials are shown. N/P37 cannot be confidently identified on the right. 


(y = 0.0254x + 6.46; r = .105) 
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Fig 4.—Plot of central conduction time (P/N13-N19) against Newrick and Langton-Hewer*‘ as- 
sessment of bulbar function, limb function, and patient independence in motor neuron disease (re- 
gression line and equation for data set are shown). 
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P100 in 4 of 32 patients in a non-age- 
matched study. In view of the signifi- 
cant increase in P100 latency after the 
fifth decade of life'* and the tendency of 
patients with MND to be in this older 
age group, age matching of control 
data is essential. No PSVEP abnor- 
malities were noted in individual pa- 
tients in our study using age-matched 
controls, but the average P100 latency 
for the patient group was significantly 
delayed compared with the control 
group (Table 4). Laxer and Spence’ 
reported a similar finding in a group 
of five patients, but Cascino and 
colleagues’? found no group PSVEP 
abnormalities in their patient group in 
a non-age-matched study. 

Previous studies”! have anecdot- 
ally reported no relationship between 
disease severity and the presence of EP 
abnormalities. Our data also suggest 
this, but the distribution of disability 
scores among our patient population 
was too uneven to allow any conclu- 
sions. There was no correlation be- 
tween clinical and EP abnormalities, 
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and clinical sensory deficits without 
evidence of alternate disease were rare 
and much less frequent than EP evi- 
dence of sensory involvement. This is 
consistent with the observation of 
others? that SEPs may be a more sen- 
sitive index of sensory system involve- 
ment in MND than clinical examina- 
tion. 


CONCLUSION 


This study reports SEP abnormali- 
ties in patients with MND with no al- 
ternative disease to explain the find- 
ings. The most common finding was 
prolongation of the central conduction 
time to median nerve stimulation, but 
prolonged peripheral, N9-P/N13, and 
N19,,-N19,, conduction times were 
also noted. Since patients with cervical 
spondylosis also demonstrate abnor- 
mal N9-P/N13 and N9-N19 conduc- 
tion, disrupted conduction between the 
brachial plexus and the lower medulla 
is not a useful criterion for differenti- 
ating between MND and cervical 
spondylitic myelopathy. Increased 
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e We used standardized neuropsycho- 
logical measures of intellectual, cognitive, 
psychomotor, and emotional functioning 
to compare 39 patients with olivoponto- 
cerebellar atrophy and 25 normal controis 
of similar age. The patients reflected 
greater depression, anxiety, and subjec- 
tive emotional discomfort than did the 


control subjects. While. 4 of the patients « 


had below-normal IQ scores (Wechsler 
Adult intelligence Scale [WAIS-R] Full- 
Scale IQ [FSIQ] <80), their clinical histo- 
ries suggested lifelong functioning at such 


levels. As a group, the patients were not _ 


abnormal in general intellectual function- 
ing and related cognitive abilities (WAIS-R 
FSIQ, mean [+SD], 93.46 + 13.19; 
Wechsler Memory Scale mental quotient, 
108.95 + 17.43). These scores were 
lower than those of the normai controls 
(WAIS-R FSIQ, 113.72 + 12.68; mental 


O livopontocerebellar atrophy 
(OPCA) is a progressive disorder 
characterized by neuronal degenera- 


. tion in the cerebellar cortex, pons, and 


inferior olives. The disease occurs 
sporadically and genetically. It may 
not reflect a single morbid entity*° In 
clinical practice, the diagnosis may in- 
clude the pathological entities of pa- 
renchymatous cerebellar degeneration 


and olivocerebellar atrophy since- 
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quotient, 127.80 + 12.40); however, the 


controls were a high y educated group. 


with intelligence levels that were higher 
than those of the average population. 
Moreover, when education and motor dys- 
function were statistically covaried, no 
significant differences between the pa- 
tients and the normal controls were ap- 


. parent on the cognitve and intellectual 


tasks. Further analysis of specific memory 
performance in a subgroup of patients and 
controls matched for age, sex, and educa- 
tion yielded findings that were comparable 


with the overall group analysis. We con- l 


clude that motor dysfunction and de- 


“pressed mood could eave patients with 


olivopontocerebelilar atrophy appearing to 
be Impaired in memory, even demented, 
when they are not. 

{Arch Neurol. 1990;47:997-1001) 


these cannot be differentiated from 
OPCA on clinical g-ounds. Neverthe- 
less, OPCA is viewed as nosologically 
useful because it is a practical clinical 
term in differential diagnosis.‘ The 
term is well established and continues 
to be widely used. 

Dementia was described very early 
as a feature of OPCA. Critchley and 
Greenfield’ state that intellectual de- 
terioration may be present and may at 
times amount to dementia (ie, impair- 
ment in short- and long-term memory 


-associated with othar disturbances of 


higher cortical funetion that are se- 
vere enough to disrupt the individual’s 
usual work and/or personal role per- 
formances; Diagnostic and Statistical 
Manual of Mental Disorders, Third 
Edition). They. deszribe a case that 


had earlier been resorted by Bogaert — 


and Bertrand? wherein mental symp- 
toms preceded other neurological signs 


and remained the dominant clinical 


‘feature. Others have reported family 


cases with little or no accompanying 
dementia. f 
Dementia has occasionally been de- 
scribed as a primary or presenting 
feature in OPCA.™=%! Estimates of the 
incidence of dementia in.OPCA have 
varied widely. In some series of pa- 
tients, the incidence has been reported 
to be as high as 80%." In others, it has 
been reported to be as low as 11.1%." 
Harding? observed the presence of de- 
mentia in over one quarter of her pa- 
tients. Yet the presence of dementia as 
a primary consequence of disease pro- 
gression in OPCA has been controver- - 
sial. At least two authors have com- 
mented on the need for neuropsycho- 
logical examination to determine 
carefully and accurately the presence 
and nature of intellectual and other 
behavioral changes in OPCA and to 
provide a basis for clinicopathological 
correlation." In the present work, 


we attempt to clarify the clinical neu- 


ropsychological picture in OPCA 
through use of a standardized, objec- 
tive, and quantified examination of 
each patient’s cognitive, intellectual, 
psychomotor, and emotional function- 
ing. 


SUBJECTS AND METHODS 


Thirty-nine patients (17 male, 22 female) 
and 25 normal controls (11 male, 14 female) 
served as subjects in these studies. Patients 
had a mean (+SD) age of 58 + 13.4 years 
and volunteers, 51 + 12.4 years. Mean edu- 
cation level for patients was 12.1 + 3.3 
years and for volunteers, 14.6 + 2.1 years. 
All participants who were taking part in a 
large ongoing study of OPCA using positron 
emission tomography and who successfully 
completed neuropsychological assessments 
were included in the present analyses. The . 
reported work was approved by the Insti- 
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Table 1.—Test Performance by Patients With OPCA and Normal Controls 
on Major Neuropsychological Measures” 


Patients, 
Mean + SD 


Test Variable 


Student’s 
t Test 


Normal Controls, 
Mean + SD 





WAIS-R FSIQ 


93.46 + 13.19 


113.72 + 12.68 —6.08 





WAIS-R PIQ 


86.76 + 13.39 


110.56 + 13.60 ~6.82 





Subscales 
Arithmetic 


9.50 + 2.75 


12.20 + 2.71 —3.84 





Picture Completion 


8.24 + 2.41 


11.44 + 2.22 5.32 





Vocabulary 


9.18 + 2.62 


12.72 + 2.79 5.14 





Block Design 


8.39 + 2.58 


12.68 + 2.85 —6.18 





Picture Arrangement 


8.85 + 3.03 


11.80 + 2.83 —3.90 





Digit Symbol 


6.59 + 2.53 


11.40 + 2.81 ~7.01 





Verbal Fluency 


10.46 + 5.08 


16.80 + 4.63 4.99 





WMS MQ 


108.95 + 17.43 


127.80 + 12.40 ~4.68 





Subscales 
Logical Memory (iV) 


7.63 + 2.81 


10.43 + 2.59 —3.92 





Visual Learning (VI 


8.77 + 2.96 


11.14 + 2.15 73.44 





IV, % after 30 min 


72.46 + 26.84 


79.24 + 15.44 0.26t 





VI, % after 30 min 


77.81 + 23.94 


88.52 + 15.23 —4.97ł 





Finger tapping speed, 
taps/ min 
(average, both hands) 


27.69 + 7.43 


45.09 + 6.47 





Grip strength, kg 
(average, both hands) 


24.64 + 11.34 


35.84 + 11.12 





Pegboard time, s (both hands) 


190.91 + 70.22 


71.10 + 11.16 





Reaction time, ms 
Simple 


405.26 + 115.48 


307.80 + 42.22 





Choice 


509.46 + 101.64 


419.92 + 65.24 





* OPCA indicates olivopontocerebellar atrophy; WAIS-R, Wechsler Adult intelligence Scale, Revised; FSIQ, 
Full-Scale IQ; PIQ, Performance IQ; WMS, Wechsler Memory Scale; and MQ, mental quotient. A standard ab- 
breviated version of the WAIS-R was used, and the IQ was estimated using the standard prorating formula.** 
All WAIS-R subscales are age corrected. Except as noted, ali differences are P < .001. 


_ tNot significant. 


Table 2.—Performance by Patients With OPCA and Normal Controls on Measures 
of Personality and Self-complaint* 


Patients, 


Variable Mean + SD 


Norma! Controls, 


Student’s 


Mean + SD t Test 





Overall 


self-rating 35,36 + 7.28 


40.52 + 3.50 —3.30 





SCL-90-R subscales 
Somatization 50.16 + 10.22 


45.40 + 5.75 2.02 





42.77 + 6.60 1.46 





+ 
oc 46.74 + 9,16 
IS 45.56 + 10.91 


42.73 + 5.02 1.00 





44.36 + 8.71 


Depression 


36.77 + 5.13- 3.24 





43.10 + 9.32 


Anxiety 


37.20 + 4.33 2.51 





- Hostility 


42.36 + 9.41 


41.23 + 6.12 0.09 





Phobic anxiety 


47,69 + 12.83 


36.50 + 8.01 3.42 





PAR 


43.56 + 10.36 


42.97 + 6.60 0.15 





45.82 + 8.78 


Psychoticism 


36.37 + 6.08 4.18 





GSi 44.62 + 9.76 


37.6 + 3.96 2.86 





PSDI 46.95 + 10.17 


35.27 + 5.11 4.56 





PST 45.54 + 11.50 





41.60 + 6.31 1.13 


* OPCA indicates olivopontocerebellar atrophy; SCL-80-R, Symptom Checklist 90 (revised); OC, obsessive- 
compulsive; NS, not significant; IS, interpersonal sensitivity; PAR, paranoid ideation; GSI, global severity index; 
PSDI, positive symptom distress index; and PST, positive symptom total. A lower score on overall self-rating re- 
flects greater self-complaint; a higher score on SCL-S0-R reflects greater complaint. 


tutional Human Use Review Board of the 
University of Michigan Medical Center, 
Ann Arbor, and informed consent was ob- 
tained from each subject before the study. 
The normal controls had no history of neu- 
rological or psychiatric disease and no sig- 
nificant abnormalities on neurological and 
general physical examination. 
Olivopontocerebellar atrophy was diag- 
nosed on the basis of the history, physical 
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examination, neurological examination, 
laboratory tests to exclude other disorders, 
and the findings from computed tomo- 
graphic scans and, in some cases, magnetic 
resonance scans. All patients showed hy- 
pometabolism of posterior fossa structures 
when studied with fludeoxyglucose F18 
positron emission tomography.'*"" None of 
the patients had disorders of sensory func- 
tion sufficient to cause ataxia of movement. 


The laboratory tests included complete 
blood cell counts; serum profiles of hepatic 
and renal functions; brain-stem auditory, 
visual, and somatosensory evoked poten- 
tials; serum levels of vitamins E and B,, and 
folic acid; and studies of thyroid function. 
Other specific diagnostic procedures em- 
ployed with these patients, clinical obser- 
vations, and laboratory tests and results 
have been described previously.’ None of 
the patients or normal controls were taking 
medications known to affect central ner- 
vous system function or to cause central 
nervous system side effects. No malignant 
neoplasm was detected in any patient, and 
none of the patients were alcoholic. 


Neuropsychological Tests 


Each patient or normal control was 
scheduled to undergo a neuropsychological . 
examination. The specific tests and proce- 
dures that make up the neuropsychological 
examination are listed in Table 1. These 
tests were administered in a standardized 
fashion by trained technicians who were 
aware of a given ind'vidual’s patient status 
but who remained uninformed as to the ex- 
act clinical diagnosis of the individual being 
tested. For a full description of these tests 
and procedures, see Boll. Patients and 
normal volunteers were also given mea- 
sures of personality function and self-com- 
plaint. These are liszed in Table 2. 


Statistical Analyses 


Standard, descriptive statistics, Stu- 
dent’s ¢ test, and a one-way covariance pro- 
cedure were used to compare patients with 
the controls. In addition to the analysis of 
covariance using the entire sample of 39 
patients and 25 controls, a smaller group of 
12 patients and 12 volunteer controls were 
matched directly for age, sex, and educa- 
tion. Student’s £ tests were then used to 
compare these two groups in terms of mem- 
ory test performance specifically. Analyses 
were completed with the University of Mich- 
igan Interactive Data Analysis System. 


RESULTS 
Clinical Characteristics 


The duration of illness in the group 
with OPCA was on the average 6 years, 
with a range from 1 to 20 years. Fifteen 
cases had a family history of similar 
illness in first-degree relatives, and 24 
were sporadic cases. Among the cases 
with a positive family history, all ex- 
cept 1 had a history that was compat- 
ible with autosomal dominant trans- 
mission. In 1 patient the history was 
compatible with autosomal recessive 
transmission. No family history was 
positive for a specific diagnosis of de- 
mentia. The patients all presented 
with complaints of difficulty in walk- 
ing. Most also had complaints of 
speech disorder and incoordination of 
limb movements that caused difficulty 
with fine movements such as hand- 
writing. 
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As shown in Table 1, the patients 
with OPCA differed significantly from 
the normal controls in a number of 
variables. While patients and controls 
were comparable with one another in 
age, the volunteer status of the normal 
controls resulted in a discrepancy be- 
tween the two groups in the extent of 
education. Education is known to be 
highly correlated with standard mea- 
sures of intelligence and cognition. 
Both education and motor perfor- 
mance were found to be statistically 
significant, and we controlled for the 
important variables through analysis 
of covariance (ANCOVA). As a further 
control for the effects of education, a 
smaller subset of patients and controls 
were matched on this variable and 
compared with one another in their 
performance on the Wechsler Memory 
Scale (WMS) and other cognitive and 
psychomotor measures (Table 3). Both 
analyses yielded comparable results. 
We have included both analyses to 
provide information on the larger 
sample in addition to the smaller. 

The mean Wechsler Adult Intelli- 
gence Scale, Revised (WAIS-R) Full- 
Scale IQ (FSIQ) for the overall patient 
group (93.46 + 13.19) was signifi- 
cantly lower than the mean FSIQ for 
the normal controls (113.72 + 12.68; 
t = —6.08, P < .001). The mean WMS 
mental quotient (MQ) was also lower 
for patients than for controls (OPCA, 
MQ of 108.95 + 17.43; normal, MQ of 
127.80 + 12.40; t= —4.68, P < .001). 
Nevertheless, the WAIS-R IQ and the 
WMS MQ for patients with OPCA re- 
mained well within the normal range 
in comparison with age-matched na- 
tional norms. Indexes of simple motor 


performance (finger tapping speed), - 


strength of grip, and fine motor control 
(grooved pegboard) for the patients 
were all found to be statistically dif- 
ferent from the normal controls. Fur- 
thermore, the scores earned by the pa- 
tients with OPCA on these three tasks 
were abnormal, as judged by compar- 
ison with published clinical norms. 
We employed ANCOVA to account 
for educational] differences between 
groups and for the effects of motor 
performance on our measures of cog- 
nition. Table 4 presents the neuropsy- 
chological variables after adjustment 
for the covariates (education, finger 
tapping speed, strength of grip, and 
grooved pegboard score). When ad- 
justment is made for education and 
motor ability in this way, no signifi- 
cant differences remain between pa- 


= tients and controls in their neuropsy- 


chological test performance. The anal- 
yses were evaluated to ensure that the 
effects of the covariates were equiva- 
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Table 3.— Subject Characteristics and Memory Test Performance for Subgroup of 
Patients With OPCA and Age-, Sex-, and Education Level-Matched Volunteer Controls* 


Patients, 
Mean + SD 


Variable (n = 12) 


Controls, 
Mean + SD 
(n = 12) 





Age, y 52.20 + 12.10 


51.80 + 11.60 








Education, y 15.00 + 2.90 


14,80 + 2,60 








WAIS-R FSIQ 101.50 + 11.69 


111.75 + 14.78 








WAIS-R PIQ 93.17 + 12.45 


109.42 + 15.44 





Subscales 


Vocabulary 11.33 + 2.19 





12.25 + 2.80 





Block Design 9.08 + 2.35 


11.50 + 2.88 





Digit Symbol 7.33 + 2.71 





11.75 + 2.30 





Verbal Fluency 11.644 5.5 


16.17 + 4.84 





WMS MQ 114.58 + 14.23 





124,90 + 14.40 


NS (<.09) 





Subscales 


Information §.00 + 1.04 


5.42 + 0.79 


NS 





Orientation 4.83 + 0.58 


5.00 + 0.00 


NS 





Mental control 6.67 + 1.61 


7.67 + 1.23 


NS (<.10) 





Logical memory (Iv) 8.88 + 2.12 





10.48 + 2.81 


NS 





Digits j - 11.33 + 1.56 


11.42 + 1.98 


NS 





Visual Reproduction (VD 8.92 + 2.64 


10.17 + 2.33 


NS 





Paired Associates 16.63 + 3.51 


17.67 + 4.20 


NS 





Delayed IV, % recat 


91,83 + 10.16 


79.92 + 14.31 





Delayed VI, % recall 


74.33 + 28.82 


86.42 + 15.58 NS 





Reaction time, ms 
Simple 


418.42 + 134.02 


303.50 + 42,93 





Choice 


498.58 + 97.57 





421.75 + 81.34 


* OPCA indicates olivopontocerebel ar atrophy; NS, not significant; WAIS-R, Wechsler Adult Intelligence Scale, 
Revised; FSIQ, Full-Scale iQ; PIQ, Peformance iQ; WMS, Wechsler Memory Scale; and MQ, mental quotient. 
A standard abbreviated version of the ‘YAIS-R was used, and the IQ was estimated using the standard prorating 
formula.?* All WAIS-R subscales are age corrected. Each group ‘had four men and eight women. 


lent across both groups (eg, equal 
slopes test) to document the validity of 
the analyses. 

On the education-matchec subsam- 
ple, the patients performed as well on 
the WMS as did the normal volunteers 


(Table 3). In one instance (logical © 


memory, scale IV), the patients actu- 
ally recalled a larger percentage of the 
initially learned material following a 
30-minute delay (92%) than did the 
volunteers (80%). Verbal fluency (eg, 
the number of words beginn:ng with 
the letter d uttered in 1 minute) was 
reduced for the patients (about 12 
words per minute) as compared with 
the matched volunteers (about 16 
words per minute; t = ~2.10, P < .05); 
however, vocabulary (as measured 
with the WAIS-R) was at normal lev- 
els and did not differ between these 
two groups. On tasks that required 
psychomotor involvement for success- 
ful completion, the patients perzormed 
more poorly than did their matched 


-© controls (Table 3). 


Table 2 gives scores earned by pa- 
tients and normal control subjects on 
measures of personality functicn and 
subjective complaint. The Symptom 
Checklist 90 (revised) is < 90-iter self- 
report symptom inventory designed to 
reflect the psychological symptom pat- 
terns of medical patients.’ There are 9 


primary symptom dimensions and 8 glo- 
bal indexes of distress. These dimen- 
sions, in order of listing, are somati- 
zation, obsessive-compulsive traits, in- 
terpersonal sensitivity, depression, 
anxiety, hostility, phobic anxiety, 
paranoid ideation, psychoticism, glo- 
bal severity index, positive symptom 
distress index, and positive symptom 
total. These individual dimensions are 
discussed fully by Derogatis in his 
manual for the Symptom Checklist 90. 
Subjective complaint was also mea- 
sured by use of a self-rating scale de- 
veloped by us.” As reflected in Table 2, 
the patients rated themselves on both 
instruments as being more depressed, 
anxious, and in greater distress gener- 
ally than the normal controls. In terms 
of published norms, however, neither 
patients nor normal controls scored 
within pathological ranges. Findings 
with this instrument were the same in 
the matched subsample as in the over- 
all group.. 

Table 5 lists selected test scores for 
the four patients with FSIQs of less 
than 80. We present these patients 
with the lowest IQs in our sample be- 
cause of the general concern in the lit- 
erature about dementia in OPCA. The 
duration of clinical symptoms was 
higher for these low-IQ patients 
(mean, 9.3 + 4.04 years) than for the 
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Table 4.—Test Performance by Patients With OPCA and Normal Controls on Major 
Neuropsychological Measures Following Statistical Adjustment 
for Education and Motor Performance* 


Test Variable 


Patients, 
Mean + SD 


Normal Controls, . 
Mean + SD 





WAIS-R FSIQ 
WAIS-R PIQ 


Subscales 
Arithmetic 


Picture Completion 
Vocabulary 


99.45 + 13.96 


104.38 + 15.51 





93.03 + 15.98 


101.27 + 17.56 





10.46 + 3.22 


10.71 + 3.58 





8.96 + 2.91 


10.41 + 3.21 





10.27 + 2.67 


14.01 + 2.96 





Block Design 


9.66 + 3.10 


10.70 + 3.40 





Picture Arrangement 
Digit Symbol 
Verbal Fluency 


9.46 + 3.88 


10.85 + 4.31 





8.03 + 3.02 
12.78 + 5.71 





WMS MQ 


113.94 + 19.48 





Subscales 
Logical Memory (IV) 


8.24 + 3.39 





Visual Learning (VI) 


9.76 + 3.45 





WV, % after 30 min 
VI, % after 30 min 


73.96 + 28.16 


9.26 + 3.32 
13.36 + 6.25 
120,21 + 21.60 


9.58 + 3.77 
9.97 + 3.82 
76.90 + 31.33 





76.39 + 28.58 





Reaction time, ms 
Simple 


380.19 + 113.03 
456.66 + 98.42 





90.62 + 31.53 


378.10 + 125.82 
502.29 + 109.00 


* OPCA indicates olivopontocerebellar atrophy; WAIS-R, Wechsler Adult intelligence Scale, Revised; FSIQ, 
Full-Scale IQ; PIQ, Performance IQ; WMS, Wechsier Memory Scale; and MQ, mental quotient. A standard ab- 
breviation version of the WAIS-R was used, and the IQ was estimated using a standard prorating formula.?® All 
WAIS-R subscales are age corrected. No difference is significant. 





Variables 1 





Table 5.—Performance by Patients With Low FSIQ on Selected Measures * 





Patient No. 


























































































hemisphere 


2 3 
Age. y 28 54 25 69 
Education, y 11 6 8 8 
Duration, y 14 7 7 3 
Age at onset, y 14 47 18 66 
Family history Sporadic Dominant Dominant Sporadic 
FSIQ (WAIS-R) 73 61 60 77 
WAIS-Vocabulary A 
Scale score 5 4 4 6 
Local metabolic rates \ 
for glucose, mg/ 100 g 
per min 
L cerebellar , 
hemisphere 2.44 4.11 2.08 4.76 
R cerebellar 






*FSIQ indicates Full-Scale IQ; WAIS-R, Wechsler Adult Intelligence Scale, Revised. Metabolic rates were 


measured by positron emission tomography. 


patients. with higher IQs (mean, 
5.16 + 5.10 years), but the small num- 
ber of observations precludes formal, 
inferential statistical analysis. The 
correlation between duration of symp- 
toms and FSIQ in the total sample of 
patients (r = —.18) is small and not 
statistically significant. No neuropsy- 
chological variable, in fact, was found 
to correlate significantly with dura- 
tion. No pattern emerged between clin- 
ical ratings of gait ataxia and low 
FSIQ. There were no significant dif- 
ferences as a function of family history 
of OPCA on any of our measures, 
including education. One of the four 
low-IQ patients was unable to walk, 
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and three were ataxic and unable to 
walk in tandem. The lowest FSIQ (60) 
was earned by the patient who was 
unable to walk; however, a similar IQ 


was earned by a less ataxic patient,- 


and two patients with normal IQ were 
also unable to walk. 
Since these patients were taking 


part in an ongoing study of OPCA and. 


metabolism in the brain, we were able 
to obtain positron emission tomo- 
graphic scans. Methods and proce- 
dures used to obtain these scans of 
fludeoxyglucose F 18 metabolism have 
been detailed elsewhere. In that ear- 
lier work, patients with OPCA in com- 
parison with normal controls showed 


significantly decreased glucose meta- 
bolie activity in the cerebellar hemi- 
sphere, vermis, and brain stem. The 
four patients with abnormally low IQs 
in the present study also showed lower 
than normal fludeoxyglucose F 18 me- 
tabolism in these same areas Put they 
appear to differ in metabolic rate from 
other patients in the sample. Table 5 
gives the metabolic rates for glucose 
(milligrams per 100 grams per minute) 
for the cerebellar hemispheres for 
each of these patients. For compari- 
son, the average metabolic rate for all 
patients in the sample was 4.16 + 1.10 
and for the normal volunteers, 
5.84 + 08.5 


COMMENT 


The detailed neuropsychological ex- 
amination of patients in the present 
study revealed that abnormal intellect 
(WAIS-R FSIQ <80) was present in 
only about 10% of the patients (Table 
5). In comparison with normal eon- 
trols, however, the overall group of 
patients was found to exhibit difficul- 
ties in motor behaviors that might se- 
riously interfere with adaptive behav- 
ior in general since the adequate per- 
formance of everyday tasks depends on 
these motor abilities. Adequate test 
performance itself in the present study 
was hampered by the patients’ diffi- 
culties with speech, motor. speed, 
steadiness, and coordination. In the 
instance of clinical examination as 
well, these patient characteristics may 
leave the person with OPCA appearing 
less intellectually capable than is ac- 
tually the case. We accounted for dif- 
ferences in motor function and educa- 
tional achievement, resulting in a 
clearer picture of the patients’ intel- 
lect and cognitive function than was at 
first apparent. 

While in the overall sample educa- 
tion level proved to differentiate the 
patients from the normal volunteers, 


the actual mean years of educational . 


attainment for-the patient group was 
normal for the population at large. In 
contrast, not one of the patients listed 
in Table 5 (ie, the patients with lowest 
IQ) completed high school, and three of 
these four patients reflected an educa- 
tion history of eighth grade or below. 
Given the reported association be- 
tween intelligence and educational 


achievement”! and the usual late onset - 


of the disorder under study, it would 
appear unlikely that the relatively low 
education levels in the overall patient 
group derive from disease. The contri- 


butions of disease to low educational ` 


attainment and low intellect in the 
four patients listed in Table 5 remain 


unknown, however. 
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As mentioned earlier, the incidence 
of dementia in OPCA reported by 
other authors varies markedly. The 
literature on OPCA clearly documents 
that impaired cognition is at times a 
component of the disorder. In some 
cases these impairments have been so 
global (presumably including memory 
dysfunction) that they were described 
as dementia.*”"! In other cases, spe- 
cific cognitive symptoms have been 
described.’ In a recently published 
work, Kish and his colleagues” re- 
ported previously unrecognized defi- 
cits in verbal and nonverbal intellec- 
tual and other cognitive abilities in a 
sample of 14 patients with dominantly 
inherited OPCA. They found these 
neuropsychological deficits to be at 
most mild but positively correlated 
with the severity of cerebellar ataxia. 
These authors ruled out motor dys- 
function as a cause for the observed 
deficits, believing that the tasks had 
been chosen to minimize problems in 
what they termed “coordination.” The 
results of our present work, however, 
indicate that tasks that appear on the 
surface to demand little motor ability 
for their successful completion in ac- 
tuality might place such a demand. 
There may be many ways in which 
motor difficulties interfere with task 
performance in a given patient. One 
example might be subtle problems of 
speech that would slow the patient’s 
response time and, perhaps second- 
arily, the patient’s ability to solve 
mundane but complex tasks. 
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Duvoisin RC, Plaitakis A, eds. The Olivopontocer- 
ebellar Atrophies. New York, NY:, Raven Press; 
1984:1322-1326. 

T. Critchley M, Greenfield JC. Clivo-ponto-cer-~ 
ebellar atrophy. Brain. 1948;71:343-364. 

8. Bogaert L, Bertrand I. Une variété d’atroph- 
ie olivo-pontine a évolution subaigué avec trou- 
bles démentiels. Rev Neurol. 1929;1:165-178. 

9. Waggoner RW, Liwenberg K, Speicher KG. 
Hereditary cerebellar ataxia. Arch Neurol Psy- 
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out that psychologica. changes in: 


OPCA are not uncommoa, but they are 
also not invariably present. Why 
should there be such variability in 
symptoms from one patient to another 
and from one sample to another? The 
answer to this question could be found 
in the anatomical pathcphysiology of 
the disease. Lambie and his asso- 
ciates® called attention to the fact that 
lesions beyond the ceretellum are not 
unexpected in patients with OPCA. 
When these extracerebellar lesions oc- 
cur, Lambie et al went on, they can be 
expected to “add their quota of clinical 
signs.” Lambie et al believed that there 
is an area of common lesion in OPCA, 
but they cautioned that individual 
variability in manifestation of lesions 
elsewhere in the brain might present a 
confusion of symptoms that would di- 
vert the attention of the clinician from 
the primary diagnosis. Schut and 
Duvoisin‘ also commented that diverse 
structures become involved over the 
course of the disease. Xish and his 
colleagues? have demonstrated bio- 
chemical abnormalities in the cerebral 
cortex of patients with OPCA. They 
found decreased activity of choline 
acetyltransferase at levels comparable 
with those in a group of patients with 
Alzheimer’s disease. Chandler and 
Bebin” studied seven members of one 
family who evidenced “mental deteri- 
oration.” These persons were found to 
have involvement of the caudate nu- 
cleus and the basal gang-ia more gen- 
erally. When dementia is found in a 
patient with OPCA, in short, it may be 


References 


chiatry, 1938;39:570-583. 

10. Cummings JL, Benson DF. Dementia: A 
Clinical Approach. Stoneham, Mass: Butter- 
worths; 1983. 

11. Berciano J. Olivopontocerebellar atrophy. 
J Neurol Set. 1982;53:253-272. 

12. Jellinger K, Tarnowska-[Cziduozko E. Die 
ZNS-veranderungen bei den olivo-ponto-cerebel- 
laren atrophien. Z Nevrol. 1971;199:192-214. 

13, Kish SJ, Currier RD, Schut L, Perry TL, 
Morito CL. Brain choline acetyltransferase reduc- 
tior in dominantly inherited olivopontocerebellar 
atrophy. Ann Neurol. 1987;22:272-275. 

14, Schut JW. Hereditary ataxia: clinica] study 
through six generations. Arch Neurol Psychiatry. 
1950;63:535-568. 

15. Gilman S, Markel DS, Kceppe RA, et al. 
Cerebellar and brairstem hypometabolism in 
olivopontocerebellar atrophy detected with 
positron emission tomozraphy. Ann Neurol. 1988; 
23:223-230. 

16. Kluin KJ, Gilman S, Markel DS, Koeppe 
RA, Rosenthal G, Junck L. Speech disorders in 
olivopontocerebellar atrophy correlate with 
positron emission temography findings. Ann 
Neurol. 1988;23:547-554. 

17. Rosenthal G, Gilman S, Koeppe RA, et al. 
Motor dysfunction in clivopontozerebellar atro- 
phy is related to cerebral metabelic rate studied 
with positron emission tomography. Ann Neurol. 


that it is the involvement of these di- 
verse structures that is responsible. 
We accept that impaired cognitive 
function as well as impairment of mo- 
tor function, affect, and other aspects 
of behavior may oceur in OPCA. The 
sample under study may be a unique 
group, and this fact could limit gener- 
alization of our findings to the larger 
universe of patients with OPCA. For 
example, the hereditary cases in the 
present study did not reflect a history 
of dementia in their families. Also, 
patients were herein studied cross- 


-sectionally and on one occasion only. 


The battery of psychological tests was 
relatively comprehensive, but there 
remains the possibility that a more 
selective and/or sensitive measure 
might reveal an area of deficit not ob- 
served in the present instance. Never- 
theless, these present results indicate 
that impairment of memory or other 
cognitive function need not be a regu- 
lar occurrence in OPCA. We did find 
impairment of motor ability and the 
presence of depressed mood in our pa- 
tients. These symptoms are debilitat- 
ing in their own right, but their pres- 
ence could leave patients who are suf- 
fering from OPCA appearing clinically 
more memory. impaired, even de- 
mented, than is actually the case. 
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Neurologic Disease in Human Immunodeficiency 
Virus-Infected Drug Abusers 


Renée Malouf, MD; Germaine Jacquette, MD; Jay Dobkin, MD; John C. M. Brust, MD 


© Previous studies of human immuno- 
deficiency virus-related neurologic dis- 
ease have been either retrospective or 
have included mostly homosexual pa- 
tients. We sought to determine (1) the true 
prevalence of neurologic abnormalities in 
patients with acquired Immunodeficiency 
syndrome or lymphadenopathy acquired 
immunodeficiency-related complex, and 
(2) whether differences In prevalence or 
type of neurological abnormality exist be- 
tween parenteral drug abusers and non- 
parenteral drug abusers. We prospectively 


evaluated 190 adult inpatients with either . 


acquired immunodeficiency syndrome 
(129) or lymphadenopathy acquired immu- 
nodeficiency~related complex (61); 151 
(80%) were parenteral drug abusers, and 
172 patients (91%) had neurologic symp- 
toms or signs. There was no significant 
differance in prevalence of neurologic dis- 
ease between parenteral drug abusers 
and non-parentera! drug abusers, or be- 
tween patients with acquired immunodefl- 
ciency syndrome and those with lymphad- 
enopathy acquired immunodeficiency- 
related complex. The prevalence of neu- 
rologic symptoms In these patients with 
lymphadenopathy acquired immunodefi- 
clency-related complex and acquired im- 
munodeficiency syndrome Is the highest 
reported to date and appears to reflect the 
prospective nature of the study. 
(Arch Neurol. 1990;47:1002-1007) 
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N evrologic symptoms have been, re- 


ported in up to 63% of patients 


with the acquired immunodeficiency 
syndrome (AIDS).'’7 Most estimates 
have been based on retrospective 
studies of preponderantly homosexual 
men, without regard to stage of illness. 
In the United States parenteral drug 
abusers (PDAs) comprise a steadily 
increasing second major risk group for 
human immunodeficiency virus (HIV) 
infection.’ As of June 30, 1989, 20% of 
99936 patients reported as having 
AIDS (and 52% of women reported as 
having AIDS) had PDA as the primary 
risk factor, and another 7% had both 
PDA and male homosexuality as risk 
factors.’ In 1987, the New York City 
Department of Health reported that 
53% of the estimated 2520 AIDS-re- 
lated deaths in New York City from 
1981 to 1986 occurred in PDAs (Sulli- 
van R. AIDS deaths in New York are 
showing new pattern. NY Times. Oc- 
tober 22, 1987). 

Parenteral drug abusers might be 
expected to differ from non-drug abus- 
ers in neurologic manifestations or 
clinical course of HIV infection for 
several reasons: (1) the drugs and their 
associated infectious or vascular com- 
plications can produce a variety of 
neurologic abnormalities"; (2) 
chronic antigen stimulation by drugs, 
adulterants, and non-HIV infections 
might stimulate HIV replication’; and 
(3) opiates and other illicit drugs (as 
well as alcohol) have immunosuppres- 
sive effects in vitro that could further 
accelerate the immunodeficiency of 
HIV infection." In a report from New 
York City of survival among patients 
with AIDS, black female PDAs had a 


poor prognosis compared with other 
risk groups, and those with combined 
risk factors of PDA and homosexuality 
had a poor prognosis compared with 
those in whom homosexuality was the 
only risk factor. Parenteral drug abuse 
alone, however, did not confer greater 
risk than homosexuality alone.” 

At Harlem Hospital Center, New 
York, NY, a large inner city facility, 
the majority of patients with AIDS are 
PDAs. During 1 year we prospectively 
studied all inpatients with AIDS, 
AIDS-related complex (ARC), or HIV- 
associated lymphadenopathy (LA), to 
determine if the prevalence or type of 
neurologic illness was influenced by a 
background of PDA or by the clinical 
stage of systemic HIV infection. 


PATIENTS AND METHODS 


From October 1,1985, through Septem- 
ber 30, 1986, 206 consecutive, unselected in- 
patients 18 years of age or older, diagnosed 
by the Infectious Disease Division of the 
Harlem Hospital Center Department of 
Medicine as having either AIDS or LA/ 
ARC were referred to the Department of 
Neurology. The diagnosis of AIDS was 
based on the 1985 criteria of the Centers for 
Disease Control, Atlanta, Ga.” Sixteen of 
these patients were not examined by a neu- 
rologist, and were therefore excluded from 
analysis; reasons included early discharges, 
transfer to another hospital, signing out 
against medical advice, and death prior to 
examination. The remaining 190 patients 
received a comprehensive neurologic his- 
tory and examination, based on a protocol, 


by one of us (R.M.), or, in a few cases, by a A 


neurology resident. Mental status assess- 
ment included: (1) level of consciousness 
and attentiveness: (2) behavior, mood, and 
appearance; (8) immediate recall and recent 
and remote memory, including sequential 
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digits, orientation to person, place, and 
time, and ability to recall three unrelated 
objects after 3 minutes; (4) language, in- 
cluding spontaneous speech, comprehen- 
sion of speech, naming, repetition, and, 
when language disturbance was suspected, 
writing and reading; (5) spatial perception 
and manipulation, including the ability to 
copy simple geometric forms and the pres- 
ence or absence of hemineglect; (6) cogni- 
tive skills, including simple calculation and 
interpretation of proverbs and similarities. 
Patients, relatives, and friends were spe- 
cifically questioned regarding impaired 
memory, difficulty concentrating, anxiety, 
depression, behavioral or personality 
change, paranoia, hallucinations, or delu- 
sions. 

Group differences in proportions were 
assessed by the x? test. 


RESULTS 


All 190 patients were young or mid- 
dle-aged adults, and three fourths 
were men (Table 1). Eighty percent 
were PDAs, over 90% of whom had 
used intravenous heroin within the 
previous 5 years. Fifteen percent of the 
PDAs were also homosexual or bisex- 
ual. Those specifically listed as homo- 
sexual or bisexual had no other risk 
factors. Two non-homosexual men 
were immigrants from Haiti. 

Two thirds of the patients had 
AIDS, confirmed during the year of 
study by biopsy, autopsy, culture, or 
positive cerebrospinal fluid cryptococ- 
cal antigen (Tables 1 and 2). One third 
had LA or ARC, based on varying 
combinations of defined risk factor, T- 
cell abnormalities, positive HIV anti- 
body titers, lymphadenopathy, oral 
thrush, and chronic diarrhea. Reasons 
for admission for the patients with 
LA/ARC included pulmonary tubercu- 
losis, sepsis, endocarditis, pneumonia, 
uremia, cirrhosis, staphylococcal ab- 
scess, and anal and penile herpes sim- 
plex. In no case was a patient admitted 
solely for the investigation of LA/ARC 
status. Parenteral drug abusers com- 
prised 74% of patients with AIDS and 
90% of those with LA/ARC. 

Of the 190 patients, 172 (91%) had 
neurologic symptoms and signs at the 
time of initial examination by a neu- 
rologist (Table 3). When patients were 
classified according to those neurologic 
symptoms that were most functionally 
disabling, altered mental status was 
most frequent, affecting 44% of all pa- 
tients and 48% of those with neuro- 
logic symptoms and signs. Although 
they could not be sharply divided into 
subgroups, 44 were clearly demented, 
with impaired memory and cognition, 
often accompanied by inattentiveness. 
Thirty-five had grossly abnormal be- 
havior or mood. Agitation, combat- 
iveness, and psychotic thinking were 
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Total patients 190 










Age range, y (mean) 21-61 (38) 
Sex 
M 144 
F 46 
Risk factor, No. (%) 
PDA . 128 (67.4) 
PDA + HS/BS 23 (12.1) 
HS/BS 27 (14.2) 
Heterosexual contact 6 {3.2} 
Haitian immigrant 2 (1.0) 
Risk unidentified 4 (2.1) 






HIV Disease Status 
No. (%) 
AE 

PDA Non-PDA Total 
AIDS 96 (50.5) 33 (17.4) 129 (67.9) 
LA/ARG 55 (29.0) 6(3.1) 61 (32.1) 
Total 151 (79.5) 39 (20.5) 


“PDA indicates parenteral drug abuser; HS/BS, 
homosexual /bisexual; AIDS, acquired immunodefi- 
ciency syndrome; and LA/ARC, lymphadenopathy/ 
AlDS-related complex. 















. frequent; several patients were inter- 


mittently violent, and two were homi- 
cidal; five had auditory or visual hallu- 
cinations. Sixteen pazients were de- 
pressed, six suicidally so; nine of the 
depressed patients had additional ab- 
normalities of memory, cognition, and 
behavior. One patient was inexplicably 
mute without apparent depression, 
aphasia, or negativism. Five patients 
were lethargic or obtunded (three with 
metabolic encephalopathy and two 
with possible HIV encephalopathy), 
and one was comatose following car- 
diac arrest. 

Computed tomographic scans, ob- 
tained in 39 of the 83 patients with al- 
tered mentation, revealed cerebral 
mass lesions in 17 and atrophy or no 
abnormality in 22. The AIDS-demen- 
tia complex, without edditional cere- 
bral pathologic findings, was suspected 
clinically in 44 patients, but proven in 
only one. Other cases of dementia, 
proven or suspected, included crypto- 
coccal meningitis, cerebral toxoplas- 
mosis, tuberculous meningitis, bacte- 
rial meningitis, cerebral abscess, and 
progressive multifocal leukoencephal- 
opathy. i 

Thirty patients had predominantly 
focal cerebral signs, consisting of 
hemiparesis, hemisensory loss, ho- 
monymous hemianopia, aphasia, or 
hemineglect. Computeł tomographic 
scans, obtained in 28 patients, showed 
cerebral mass lesions in 25 and atro- 


phy or no abnormality in three. The ` 


most common diagnoses in this group 
were cryptococcal meningitis (seven 
PDAs, one non-PDA), cerebral toxo- 
plasmosis, proven in three PDAs and 
two non-PDAs, suspected in three 
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Table 1.—Age, Sex Risk Factors, 
and Disease Status * 


Table 2.— AIDS Diagnoses 


Non- 
PDA PDA Total 





PCP 

EC 

CM 

PCP and EG 

PCP and MAI 

CNS toxoplasmosis 

KS 

Cryptosporidiosis 

Systemic lymphoma, 
B-cell type 

MAI and cryptococcal 
meningitis 

MAI 

Cytomegalovirus 
pneumonia 

PCP and 
cryptosporidiosis 

PCP and CM 

MAI and EC 

CNS toxoplasmosis 
and EC 

Cryptosporidiosis and 
KS 

Gryptosporidiosis, MAI 
and EG 

CNS toxoplasmosis 
and KS 

PCP and systemic 
lymphoma, B-cell 
type 


“AIDS indicates acquired immunodeficiency syn- 
drome; PDA, parenteral drug abuser; PCP, Pneumo- 
cystis carinii pneumonia; EC, esophageal Candida; 
CM, cryptococcal meningitis; MAI, Mycobacterium 
avium-intracelulare, CNS, central nervous system; 
and KS, Kaposi’s sarcoma. 





PDAs on the basis of computed tomo- 
graphic lesions that improved with 
appropriate therapy, and cerebral em- 
bolic infarction proven or suspected in 
five PDAs with bacterial endocarditis. 
Other diagnoses included cerebral my- 
cotic aneurysm (two PDAs), cerebral 
tuberculoma (one PDA), bacterial 
meningitis (one PDA), and cerebral 
toxoplasmosis in combination with cy- 
tomegalovirus encephalitis in a non- 
PDA. A PDA with cerebral hemor- 
rhage also had cerebellar hemorrhage, 
and, at autopsy, unexplained wide- 
spread infiltration of lymphocytes and 
plasma cells in many organs, including 
the brain. Another patient, a nondrug 
abuser with ARC, had resolving hemi- 
paresis that was considered a conver- 
sion reaction. 

Of 13 patients presenting neurolog- 
ically with seizures, computed tomog- 
raphy was performed in 10 and showed 
cerebral mass lesions in seven, includ- 
ing suspected tuberculoma in three, 
suspected toxoplasmosis in two, bacte- 
rial brain abscess in one, and ruptured 
mycotic aneurysm in another. Two 
drug abusers with seizures had cryp- 
tococcal meningitis. 

Of five patients presenting with fe- 
ver and nuchal rigidity, three had 
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Table 3.—Predominant Neurologic Symptoms and Signs at Initial eryptococcal and two bacterial menin- 
Examination by Neurologist * gitis. Computed tomography, per- 
formed in all five patients, showed a 


No. (%) cerebral mass lesion in one with cryp- 
SE e a a TA tococcal infection. 

Total POR Non:PDA The AIDS-dementia complex was 

Altered mental status 83 (43.7) 65 (43.0) 18 (46.2) additionally suspected in four patients 
Focal cerebral 30 (15.8) 25 (16.6) 5 (12.8) with prominent but unexplained cere- 
bellar ataxia. All were alcohol users, 
butin one patient ataxia had appeared 
and progressed during a 6-month pe- 
riod of abstinence, and in two others 














Seizures 13 (6.8) 10 (6.6) 3 (7.5) 





Meningitis ‘ 5 (2.8) 4 (2.6) 1 (2.6) 
Cerebellar 4 (2.1) 3 (2.0) 1 (2.6) 
Myelopathy /neuropathy 29 (15.3) . 22 (14.6) 7 (17.9) 


Hopes zoer an s an, s E : or (one of whom also had evidence of my- 
ea p a or z Sa 3 ES eloneuropathy that included impaired 
i a a a distal proprioception) there was 
—— marked limb tremor and dysmetria. 
PDA indicates parenteral drug abuser. Computed tomography, performed in 


two, showed cerebral and cerebellar 
Table 4.—HIV-Relaited Neurologic Symptoms and Signs in PDAs and Non-PDAs* 


atrophy in one and unilateral parietal 
No. (%) - 














lucency in another. 

Of 29 patients with signs of either 
myelopathy or neuropathy, only one, 
with cervical osteomyelitis, had myel- 
opathy alone. Nine, all with AIDS, had 
signs of both neuropathy (distal limb 
paresthesias, vibratory or cutaneous 
sensory loss, or areflexia) and myelop- 

‘Semures 10) 3 (8) athy (paraparesis, prominent proprio- 
Neurologic symptoms absent or ceptive loss in the legs, or Babinski’s 
possibly unrelated to HIV 58 (38) 10 (26) signs). Of 19 patients with only neuro- 
151 (100) 39 (100) pathic signs, 13 (12 PDAs) drank alco- 

“HIV indicates human immunodeficiency virus: PDA, parenteral drug abuser. hol. : i 

Herpes zoster, segmental in five pa- 
tients and disseminated in one patient, 
occurred in six PDAs with ARG; in 
none was it the criterion for diagnos- 
ing ARC, but in all six it was the rea- 
son for admission. Another PDA with 
ARC developed unilateral facial palsy 

Non-PDA and hyperacusis 2 months after 
oo : : è 
Suenecten chan Suapeciod chicken pox and had ipsilateral palatal 
Cryptococcal meningitis 17 (41.3) ae 4 (10.2) s> vesicles consistent with herpes zoster. 
Tai : ry Tua PET raa Another PDA with ARC had unilat- 
oxopiasmosis S e + . 
amoa Ga ses hearing loss, vertigo, and nystag- 


Tuberculosi 21.8 ee : : ae 
- 7 —_— os) Multiple neurological abnormalities 
jeningitis 4 (2.8) sae oa 1 (2.8) 2E 

= were common. In addition to predom- 

uberculoma 1 (0.7). 2 (1.3) ES 2 (5.1) h : X 
* CNS indicates central nervous system; PDA, parenteral drug abuser inant neurologie symptoms and Signs, 
eae See ree 3 i 36 patients had altered mentation and 
29 myeloneuropathy or neuropathy. 
Additional focal signs included gaze 
- palsy, unilateral cogwheel rigidity and 
Table 6.—Neurologic Abnormalities Among Patients With AIDS or LA/ARC* tremor, and unilateral proprioceptive 
loss or Babinski’s signs. Additional 






PDA Non-PDA 
Altered mental status 51 (34) ~ 16 (41) 
Focal cerebral 
Myelopathy/neuropathy 














Table 5.—CNS Opportunistic Infection and Lymphoma in PDAs and Non-PDAs” 






































No. (%) cranial nerve abnormalities included 
Total AIDS unilateral facial paresis (1) or sensory 
Altered mental status 83 (43.7) 60 (46.5) 23 (37.7) loss (1), abducens palsy (1), deafness 
Focal cerebral 30 (15.8) 21 (16.3) 9 (14.8) (2), vertigo (4), and unexplained 
Myelopathy /neuropathy 29 (15.3) 20 (18.5) nystagmus (6). In addition, six pa- 
Seizures 13 (6.8) 8 (6.2) tients had retinitis consistent with 
Herpes zoster 6 (3.2) 6 (9.8)t cytomegalovirus. Ten described them- 
Meningitis 5 (2.8) 1 (1.8) selves as having had herpes zoster 
Cerebellar 4 (2.1) 0 within the past few years. 
Cranial neuropathy 2.1) i 2 (3.3) The prevalence of neurologic symp- 
18 (9.5) 6 (9.8) toms and signs, either as a whole or as 
190 61 subgrouped (Table 3), was not signifi- 
* AIDS indicates acquired immunodeficiency syndrome; LA/ ARC, lymphadenopathy / AIDS-related complex. cantly different between PDAs and 
tx? equals 10; P < .005; all other comparisons are not significant. non-PDAs. Within the subgroup of al- 
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Table 7.—Interval Between Diagnosis of AIDS and Initial Neuro ogic 
Examination (n = 129) 


No. (%) 


Fanaa ame nomena AE 


Neurologic 


Examination 
Preceded AIDS* 
by More Than 


30 Dayst 


Normal neurologic examination 3 (16.7) 


Neurologic 
Examination 
Within 30 
Days of AIDS 
Diagnosis 


6 (8.3) 


Neurologic 
Examination 
Followed AIDS* 
by More Than 
30 Dayst 


3 (7.7) 





Altered mental status 4 (22.2) 


37 61.4) 19 (48.7) 





4 (22.2) 
2 (11.1) 


Focal cerebral 





Seizures 


10 (13.9) 
3 (4.2) 


7 (17.9) 
3 (7.7) 





Cerebellar 1 (5.6) 





4 (1.4) 2 (5.1) 





Myelopathy / neuropathy 4 (22.2) 


Meningitis 





11 (15.3) 5 (12.8) 





Total abnormal neurologic 
examination 


Total 


15 (83.3) 
18 (100) 





4 (6.6) 


66 (91.7) 
72 (100) 


36 (92.3) 
39 (100) 





* AIDS indicates acquired immunodeficiency syndrome. 


+tRange, 34 to 240; mean, 91; and median, 69. 
Range, 40 to 799; mean, 242; and median, 218. 


tered mental status, moreover, 35 
(81%) of 48 patients with mainly de- 
mentia and 26 (74%) of 35 patients 
with mainly behavioral change or psy- 
chosis were PDAs, similar to the 80% 
frequency of drug abusers in our total 
study population. Because PDAs are 
prone to neurologic illness unrelated to 
HIV infection, the two groups were 
also compared after removing patients 
whose neurologic illness could not def- 
initely be attributed solely to HIV in- 
fection or an opportunistic complica- 
tion. Thus excluded were those with 
ethanol abuse and either dementia, 
seizures, ataxia, or peripheral neurop- 
athy; endocarditis and either cerebral 
embolic infarction, mycotic aneurysm, 
bacterial meningitis, or brain abscess; 
sepsis; metabolic encephalopathy; con- 
version reaction; and coma following 
cardiac arrest (Table 4). Again, there 
was no significant difference in the 
prevalence of neurologic symptoms or 
signs between PDAs and non-PDAs. 
There was also no significant differ- 
ence between PDAs and non-PDAs in 
the prevalence of proven or suspected 
cryptococcal meningitis or central ner- 
vous system toxoplasmosis or tuber- 
culosis (Table 5). Although primary 
central nervous system lymphoma was 
suspected in one PDA, we encountered 
no histologically proven case. Of three 
patients with documented systemic B- 
cell-type lymphoma (two PDAs and 
one non-PDA), only one, a PDA, hada 
complete autopsy that showed lym- 
phoma involving the meninges and the 


left basal ganglia. 


In 56 (87%) PDAs and 13 (32%) 
non-PDAs, neurologic symptoms and 
signs evident on examination had pre- 
ceded other evidence of AIDS, and in 
11 other patients neurologic illness 
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and systemic symptoms or signs of 
AIDS had appeared simultaneously. 
Thirteen other patients also probably 
had neurologic symptoms that either 
preceded or accompanied their sys- 
temic illness, but precise histories 
could not be obtained. For the same 
reason, we could not cetermine how 
many patients, months or years be- 
fore, might have had transient neuro- 
logic symptoms presumably related to 
seroconversion.” In 26 patients the 
initial diagnosis of AIDS was based on 
the demonstrated presence of central 
nervous system opporzunistic infec- 
tion (cryptococcal meningitis, 20; cere- 
bral toxoplasmosis, six’. 

At initial examination 91% of pa- 
tients with AIDS and 90% of patients 
with LA/ARC had neurologic illness 
and, except for the absence of active 
herpes zoster among patients with 
AIDS, there were no significant differ- 
ences between patients with LA/ARC 
and patients with AIDS in the preva- 
lence of clinical subgroups (Table 6). 
Within the subgroup of altered mental 
status, behavioral change or psychosis 
was seen more commonly in those with 
AIDS than in those with LA/ARC 
(80/129 [23%] vs 5/61 [8%]; x? = 5.28 
P < .05). To address further the possi- 
ble relationship of neurologic illness to 
the stage of HIV disease, we classified 
patients who either had AIDS or who 
developed it during the rear of follow- 
up, according to the intarval between 
AIDS diagnosis and appearance of 
neurologie symptoms and signs, re- 
gardless of which appeared first (Table 
7). There was no significant difference 
in the prevalence of neurologic illness 
or of specific clinical subgroups be- 
tween patients in whom the diagnosis 
of AIDS preceded, followed, or was 


concurrent with the presence of such 
symptoms and signs on initial exami- 
nation. When such analysis was re- 
stricted to 57 patients with Pneumo- 
cystis carinii pneumonia, neurologic 
symptoms and signs were similarly 
found to be independent of the interval 
between their presence and that of the 
pneumonia. 


COMMENT 


In a 1-year prospective analysis of 
consecutive hospitalized patients with 
either LA/ARC or AIDS, neurologic 
symptoms and signs were present in 
91% and preceded the diagnosis of 
AIDS in one third. Neurologic illness 
was equally prevalent among PDAs 
and non-PDAs, and among those with 
LA/ARC and AIDS. Within the sub- 
group of altered mentation, patients 
with ARC were less likely than those 
with AIDS to display grossly abnor- 
mal behavior or psychosis. Active 
herpes zoster was observed only in the 
ARC group. 

A 91% prevalence of neurologic 
symptoms and signs among patients 
with LA/ARC or AIDS is the highest 
figure reported to date. Previous esti- 
mates of neurologic disease in HIV in- 
fection, based on either retrospective 
analysis of largely non-drug abusing 
patients, have been up to 60% of pa- 
tients with AIDS and 41% of patients 
with ARC.'32!23 In a prospective study 
of 132 patients with AIDS (including 
15 PDAs) neurologic disease preceded 
the diagnosis of AIDS in 20% and 
eventually developed in 63%.° When 
based on autopsy studies of patients 
with AIDS, prevalence of central ner- 
vous system abnormalities has been 
consistently higher, ranging from 59% 
to 92% 4° 

In an autopsy report from New York 
City, 46 of 70 patients with neither fo- 
cal central nervous system lesions nor 
metabolic encephalopathy had exhib- 
ited behavioral or cognitive change. 
Sixty-five of the 70 brains, however, 
had changes of “AIDS-dementia 
complex”, believed to represent direct 
central nervous system infection by 
HIV. In our series the most common 
central nervous system abnormality 
was altered mentation, present.in 63% 
of all patients. The implication that 
AIDS dementia complex is underdiag- 
nosed has also been supported by stud- 
ies involving neuropsychologie testing 
and magnetic resonance imaging.“ 

A retrospective analysis of 23307 
AIDS cases reported to the Centers for 
Disease Control as of August 1986 
found “reliably diagnosed neurological 
complications” (cryptococcal meningi- 
tis, Toxoplasma encephalitis, progres- 
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sive multifocal leukoencephalopathy, 
and primary central nervous system 
lymphoma) in 7.3% of patients (12.4% 
of PDAs vs 6.1% of non-PDAs).” Drug 
abusers were nearly three times as 
likely as non-drug abusers to have 
cryptococcal meningitis (8.8% vs 
3.3%), and nearly twice as likely to 
have toxoplasmosis (2.5%. vs 1.8%). 
Among both drug abusers and non- 
drug abusers cryptococcal meningitis 
was twice as common in blacks as in 
whites (10.5% vs 5.1%, and 5.2% vs 
2.6%). 

By contrast, our cases, examined se- 
quentially and prospectively, showed 
no significant difference between 
PDAs and non-PDAs in the prevalence 
of cryptococcal meningitis or of cen- 
tral nervous system toxoplasmosis or 
tuberculosis. 

The limitations of our study must be 
acknowledged. First, we did not em- 
ploy either asymptomatic HIV-posi- 
tive PDAs or HIV-negative PDAs as 
controls to assess the possible role of 
_ drug abuse per se on neurologic abnor- 
malities, especially neuropsychologi- 
cal, nor were any patients subjected to 
formal psychometric testing. We 
doubt that opiate use itself caused any 
of our patients’ mental abnormalities. 
The symptoms and signs we observed 
were considerably more florid than the 
- subtle changes reported in opiate users 
undergoing neuropsychological test 
batteries,” and mental deterioration 
has not been a feature of patients en- 
rolled in a legalized heroin or metha- 
done maintenance program.“ Of 
course, non-HIV-related complica- 








` remaining effects of drug abuse per se 


should have biased our results toward 


a higher prevalence of neurologic ab- 


normality among the PDAs, yet none 
was observed. A study employing for- 
mal neuropsychological testing in both 
asymptomatic and symptomatic HIV- 
positive PDAs is currently in progress 
at the Harlem Hospital Center and 
other Columbia University-affiliated 
institutions. 

Second, we studied only patients 
who, although classified as having ei- 
ther AIDS or LA/ARC, were all suff- 
ciently ill to require hospitalization. It 
is quite possible that had outpatients 


- with LA/ARC or AIDS been included 


in this series, the prevalence of neuro- 
logic disease would have been lower. 
Moreover, classifying patients by Cen- 


- ters for Disease Control criteria can be 
misleading; some patients with ARC . 


are more seriously ill than others with 
AIDS, and the presence of pneumonia, 
uremia, and sepsis in some of our LA/ 
ARC patients suggests that this was 
the case here. Had we used the Walter 
Reed Hospital classification of HIV- 
related’ illness, which more quantita- 
tively reflects disease severity,” we 
might have observed a greater preva- 


‘lence of neurologic symptoms and 


signs among the more severely ill pa- 


_ tients. On the other hand, when we 
. attempted in other ways to identify 


patients at different stages of HIV in- 
fection—by separating those whose 
neurologic examination preceded, fol- 
lowed, or coincided with the diagnosis 


. of AIDS or P carinii pneumonia—the 


prevalence of neurologie illness was 





There were, moreover, no trends sug- 
gesting differences in any neurologic 
subgroup. . 

Fourth, many patients left the hos- 
pital or died without receiving recom- 
mended diagnostic studies, and autop- 
sies were infrequent. Failure to obtain 
computed tomographic scans in 44 of 
83 patients with altered mentation 
probably led to underestimation of ce- 
rebral mass lesions, especially toxo- 
plasmosis and primary lymphoma. 
The principle focus of our study was, 
therefore, on neurologice symptoms 
and signs readily apparent to the cli- 
nician, rather than confirmed disease 
entities. i 

Fifth, while many patients had re- 
peated neurologice examinations, we 
were unable to provide uniform sys- 
tematic follow-up to assess new or 
progressive neurologic illness. Follow- 
up was usually sufficient, however, to 
identify patients with reversible neu- 
rologic abnormalities, eg, metabolic 
encephalopathy. 

Despite these limitations, we believe 
that a prospectively determined 91% 
prevalence of neurologic disease 
among mostly drug-abusing inpa- 
tients with LA/ARC or AIDS has im- 
portant clinical implications. Physi- 
cians should be aware that they are 
likely to encounter neurologic symp- 
toms and signs in the great majority of 
symptomatic patients with HIV infec- 
tion, even before they develop AIDS, 
and whether or not they’are PDAs. 
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Neurologic and Evoked Potential Abnormalities 
in Subtle Cobalamin Deficiency States, 
Including Deficiency Without Anemia and 

With Normal Absorption of Free Cobalamin 


Dean S. Karnaze, MD, Ralph Carmel, MD 


@ The meaning of a low serum cobal- 
amin ievel when the classic findings of 
pernicious anemia are lacking is undergo- 
ing reevaluation. We therefore studied the 
neurologic status of 11 patients who had 
low cobalamin ievels without definite he- 
matologic evidence of deficiency. Neuro- 
logic evaluation included pattern-shift vi- 
sual and median and posterior tibial nerve 
somatosensory evoked potentials. None 
of the patients had megaloblastic changes 
in the blood or bone marrow, although 7 of 
the 11 had subtle cellular cobalamin dis- 
turbances demonstrated by an abnormal 
deoxyuridine suppression test result. 
Seven patients had normal Schilling test 
results and 2 had borderline results; how- 
ever, 2 of the 5 patients tested further had 
food-cobalamin malabsorption, while a 
third had prepernicious anemia. The pa- 
tlents displayed a variety of neurologic 
problems, including dementia, depres- 


(Cobalamin (vitamin B,,) deficiency 

often preduces neurologic abnor- 
malities, a matter of clinical concern 
because the lesions may become irre- 
versible if not promptly treated. Sev- 
eral factors may delay recognition. 
First, it is sometimes not appreciated 
that such abnormalities can occur 
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sion, myelopathy, neuropathy, and seizure 
disorder; 1 patient was neurologically nor- 
mal by clinical criteria. Evoked potential 
abnormalities were demonstrable in 8 of 
the 9 patients with subtle cobalamin defi- 
ciency, and in at least 5 cases the distur- 
bance was central. In contrast, both pa- 
tients whose low serum cobalamin levels 
were found on evaluation to be spurious 
had normal evoked potentials. Evoked po- 
tential abnormalities improved in the one 
patient retested after cobalamin therapy. 
These findings demonstrate that neuro- 
logic deficits occur not only in classic co- 
balamin deficiency but also in subtle or 
atypical cobalamin deficiency states in 
which anemia Is absent and Schilling test 
results are normal. Electrophysiologic ev- 
idence of neurologic impairment is often 
present, even in patients without obvious 
clinical neurologic abnormalities. 
{Arch Neurol. 1990;47:1008- 1012) 


without the megaloblastic anemia that 
is widely regarded as the cardinal fea- 
ture of cobalamin deficiency." Indeed, 
a common view holds neurologic dys- 
function to be a late manifestation of 
cobalamin deficiency that occurs only 
after the deficiency and its hemato- 
logic manifestations are well estab- 
lished.’ 

The diagnosis of cobalamin defi- 
ciency can be difficult when the typical 
megaloblastic anemia is absent. The 
neurologic signs may reflect peripheral 
or central nervous system involve- 
ment, or both, and may be mimicked by 
avariety of other neurologic disorders. 

Serum cobalamin determinations and 
absorption studies are crucial in mak- 
ing the diagnosis, but these tests are 


not without pitfalls.” Mildly depressed 
cobalamin levels are often ignored," 
yet may occur particularly often in pa- 
tients whose chie? expression of defi- 
ciency is neurologic. 

To further complicate matters, dis- 
tinguishing between artifactually low 
serum cobalamin levels? and true de- 
ficiency can be difficult. Moreover, re- 
cent data suggest that seemingly 
falsely low cobalamin levels are often 
neither an artifacz nor clinically insig- 
nificant, but are instead associated 
with atypical or subtle deficiency 
states.'*!’ For example, cellular cobal- 
amin deficiency in bone marrow can be 
identified in vitro by characteristic 
abnormalities in the deoxyuridine sup- 
pression test, even when there is no 
megaloblastic anemia.’ In addition, 
such patients often do not have classic 
malabsorptive disorders such as per- 
nicious anemia (cobalamin malabsorp- 
tion due to lack of intrinsic factor); the 
Schilling test, which tests absorption 
of free cobalamin only, gives normal 
results.'*!8 Many of these patients, 
however, cannot absorb food cobal- 
amin normally, as measured by the egg 
yolk-cobalamin absorption test (egg 
test)*!8 and other tests of protein- 
bound cobalamin aksorption.*! 

Clinical neurologic disturbances 
have been described in such subtle and 
atypical cobalamin deficiency 
states.516192224 We therefore studied 
the neurologic status of a group of pa- 
tients who had low serum cobalamin 
levels without visible hematologic evi- 
dence of cobalamin deficiency. Partic- 
ular emphasis was placed on electro- 
physiologic testing of evoked poten- 
tials in demonstrating neurologic 
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dysfunction. The findings suggest that 
such an approach may be valuable in 
detecting and diagnosing nevrologie 
dysfunction in subtle cobalamin defi- 
ciency states that may otherwise be 
overlooked because the expected clas- 
sic hematologic and/or malabsorptive 
abnormalities are lacking. 


PATIENTS AND METHODS 


Patients whose serum cobalamin levels 
were found to be lew by the hospital labo- 
ratory, using a radioisotope dilution tech- 
nique (Charcoal-Boil Dualcount radioas- 
say, Diagnostic Products, Los Angeles, Ca- 
lif), but who did not appear to have obvious 
pernicious anemia, were identified as de- 
scribed previously These patients had few 
hematologic findings suggestive of cobal- 
amin deficiency, and none had a low serum 
folate level. Patients with definite hemato- 
logic evidence of cobalamin deficiency (mac- 
rocytic anemia, neutrophil nuclear hyper- 
segmentation, and/or megaloblastic bone 
marrow changes) were excluded; they pre- 
sented little diagnostic difficulty and we 
wished to focus on subtle cobalamin distur- 
bances. The patients we studied usually had 
neurologic problems not initially thought 
by their physicians to be due to cobalamin 
deficiency. 

To be included in this study, the patients 
had to undergo both adequate testirg of co- 
balamin status (bone marrow -aspiration, 
deoxyuridine -suppression test, Schilling 
test, and egg test) and full neurologic eval- 
uation, including evoked potential testing. 
These selection factors exerted their effect 
largely by requiring that subjects be iden- 
tified quickly enough to permit detailed 
study before they were treated and/or dis- 
charged. A common problem was that pa- 
tients were often not investigated or 
treated with cobalamin by their physi- 
cians. Thus, some potential subjects were 
lost because they were treated too quickly, 
while others were lost because their condi- 
tion was ignored. 

Prior to detailed testing, patierts had 
neurologic examinations by one of us 
(D.S.K.) to assess the presence of dementia, 
myelopathy, or peripheral neuropathy. Cri- 
teria for dementia were those of the Na- 
tional Institute of Neurological and Com- 
municative Disorders and Stroke. The 
clinical signs of neuropathy (diminished or 
absent distal reflexes and distal sym:metri- 
eal extremity sensory loss, especially posi- 
tional) could be confirmed by posterior tib- 
ial nerve somatosensory evoked potential 
testing. 


Hematologic Studies 


Complete blood cell counts were done in 
all cases. Blood smears and bone marrow 
aspirates were examined for megaloblastic 
changes by one of us (R.C.). The decxyuri- 
dine suppresion test was performed as de- 
scribed previously. The results for each 
patient are summarized here; they were 
described in detail earlier as part of a larger 
study of deoxyuridine suppression. This 
test identifies cellular deficiency of cobal- 
amin at a biochemical level by measuring in 
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vitro the suppressive effect of deoxyuridine 
on the subsequent incorporation of radio- 
active thymidine into zhe DNA of bone 
marrow cells. The normally nearly com- 
plete suppression by deoxyuridine of thy- 
midine incorporation is compromised in 
cobalamin or folate deficiency; incubation 
of other aliquots of the marrow cells with 
added vitamins identifies the specific defi- 
ciency by the corrective patterns ob- 
served.!546 


Egg Yolk-Cobalamin Absorption Test 


Absorption of food- bound cobalamin was 
tested by a method that differs from the 
Schilling test only in that the radioactive 
cobalamin is given in a scrambled egg yolk 
preparation rather than free in a capsule.” 
The details have been published previ- 
ously.'* 


Evoked Potential Studies 


Evoked potential studies were performed 
on a Pathfinder II (Nicolet, Madison, Wis). 
Short- latency median nerve evoked poten- 
tials were measured using a cephalic refer- 
ence (F,) as described previously.” Gold- 
plated cup electrodes (Grass Instruments, 
Quincy, Mass) were applied at Erb’s point, 
the skin overlying the second cervical ver- 
tebra (C-2), the midline, and the contralat- 
eral modified (2 cm posterior) C, or C, 
international electrode position. One thou- 
sand stimuli were applied at 5.1 per second 
during each trial, and a minimum of two 
trials were required to ensure reproduc- 


ibility. The responses were averaged over - 


50 milliseconds and amplification was 
200 000. The amplifier bandpass was 30 to 
1500 Hz. The sample rate was 80 microsec- 
onds. The upper limit (mean+ 3 SDs) for 
the central conduction time (N13-N19) was 
6.7 milliseconds for yourg patients (mean 
age, 86 years) and 7.1 milliseconds for a 
group of 12 older contrcls (mean age, 51 
years). Visual evoked potentials were done 
with the F, reference and were recorded 
from O, O, and O,. The zheck size was 53 
minutes and 128 responses were averaged. 
Amplitude was approximately x100000 
and stimuli were presented at 1.8 per second 
and averaging was done for 250 millisec- 
onds. The upper limit (mean+ 3 SDs) for a 
group of 20 controls (mean age, 32 years) 
was 113 milliseconds. The upper limit for 
the P100 latency for a group of 12 older pa- 
tients (mean age, 68 years) was 115 milli- 
seconds. The intereye P1)0 latency differ- 
ence for the controls showed a nongaussian 
distribution and nonparémetric statistics 
were employed. The upper limit (95% tol- 
erance limit) for the intereye P100 latency 
difference was 8 milliseccnds. 

Posterior tibial nerve somatosensory 
evoked potentials were performed in a man- 
ner similar to that of Eis2n and Odusote.” 
The lower limb was stimulated with a 
stimulus just sufficient to elicit a twitch at 
the ankle and recordings were made from 
the popliteal fossa, L1-3, T, to 3 cm above, 


_ and F,’-P,’. The bandpass was 30 to 1500 Hz 


and responses were averaged for 100 milli- 
seconds. The upper limits Zor the mean + 3 
SDs for the popliteal potential, N21, N82, 
and P40, were 12.5, 25.7, 44.1, and 46.6 mil- 


liseconds respectively; the upper limit for 
the N21-P40 interpeak latencies was 23.9. 
milliseconds.‘ 


RESULTS 


All the results, including neurologic 
findings, are summarized in the Table. 
None of the patients had megaloblas- 
tic changes on bone marrow examina- 
tion, and only three were even anemic. 
Only 1 patient had macrocytic anemia 
(patient 8) and it was mild in her case. 
Despite this paucity of classic hema- 
tologic abnormalities, 7 of the 11 pa- 
tients had evidence of bone marrow 
cobalamin deficiency by the deoxyuri- 
dine suppression test. 

Patients were divided into three 
groups. The first group had classic co- 
balamin malabsorption based on ab- 
normal Schilling test results, even 
though the hematologic expression of 
deficiency was subtle and recognizable 
megaloblastic anemia was absent. The 
second group had similarly subtle ex- 
pression of hematologic deficiency, cel- 
lular cobalamin depletion being iden- 
tifiable chiefly by the deoxyuridine 
suppression test result. However, 
these patients had normal Schilling 
test results. Their subtle deficiency 
was, therefore, either attributable to 
atypical malabsorption limited to food 
cobalamin or was unexplained. The 
third group was identified as nondefi- 
cient because the patients had neither 
subtle evidence of cobalamin defi- 
ciency nor any evidence of malabsorp- 
tion of either free or food-bound co- 
balamin. 


Group 1: Patients With Abnormal 
Schilling Test Results (Pernicious 
Anemia or Intestinal Malabsorption) 


_ The three patients in this group had 
neuropathy, myelopathy, or dementia. 
All three had abnormal evoked poten- 
tials. 

Patient 1 had an abnormal visual 
evoked potential (mild intereye P100 
latency difference: 94 milliseconds 
with left eye stimulation and 104 mil- 
liseconds with right eye stimulation). 
Patient 2 was hospitalized with an 
acute myelopathy at the T-12 level. A 
clinical diagnosis of an anterior spinal 
artery cord infarction was originally 
suspected. However, his posterior tib- 
ial nerve somatosensory evoked poten- 
tial demonstrated bilateral mild N21- 
P40 interpeak latency delays (26.6 mil- 
liseconds with right nerve stimulation 
and 26.4 milliseconds with left nerve 
stimulation), indicating posterior col- 
umn dysfunction. The study also sug- 
gested a neuropathy, as his popliteal 
potential was delayed and the calcu- 
lated posterior tibial nerve conduction 
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Neurologic and Hematologic Findings in 11 Patients With Low Serum Cobalamin Levels * 


















































Cobalamin Clinical Evoked Deoxyuridine 
Patient No./ Level, Neurologic Potential Cobalamin Hematologic Suppression 
Age, y/Sex pmol/Lt Diagnosis Findings Diagnosis Findings Test Results 
Abnormal! Schilling Test (Group 1} : 
1/68/F 137 Myelopathy Abnormal PVEP Pernicious anemia Normal CBC; Abnormal 
normoblastic marrow 
2/58/M <74 Myelopathy; neuropathy Abnormal PTNSEP Subtle deficiency Normal CBC, except . Abnormal 
(intestinal MCV of 99 fL; 
malabsorption) normoblastic marrow 
$/85/F 130 Dementia Abnormal MNSEP Subtle deficiency Mild normocy:ic Abnormal 
- {probable intestinal anemia; normoblastic 
malabsorption} marrow 
Subtle Cobalamin Deficlency With Normal Schilling Test (Group 2) 
4/60/F 102 Neuropathy Abnormal PVEP Developed pernicious Normal CBC; Normal 
anemia 1 year later normoblastic marrow 
5/30/M 93 Neuropathy Abnormal MNSEP Subtle deficiency (food Normal CBC, except . Abnormal 
cobalamin MCV of 101 fL; 
malabsorption) normoblastic marrow 
6/62/F 114 Normal Abnormal PTINSEP Subtle deficiency (food Mild normocytic Abnormal! 
cobalamin anemia; normobiastic 
malabsorption) marrow 
7/73/F 80 Dementia Normal Subtle deficiency Normal CBC; Abnormal 
(cause unknown) ‘normoblastic marrow $ 
8/48/F 123 Seizure disorder Abnormal PVEP Subtle deficiency Mild macrocytic Abnormal 
(receiving phenytoin); (cause unknown) anemia; normoblastic 
neuropathy marrow 
9/67/F 97 Depression Abnormal PVEP and MNSEP Subtle deficiency Normal CBC; -Abnormal 
(cause not normoblastic marrow 
established) 
No Evident Cobalamin Deficlency (Group 3) $ 
19/21/M 132 Episodic leg weakness Normal Probably falsely low Normal CBC; Normal 
cobalamin level normoblastic marrow 
11/25/F 156 Normal Normal Falsely low cobalamin Mild microcytic anemia; Normal 
(normal when level normoblastic marrow 
repeated) 2 


* PVEP indicates pattern-reversal visual evoked potential; PTNSEP, posterior tibial nerve somatosensory evoked potential; MNSEP, median nerve somatosensory evoked 
potential; CBC, complete blood cell count; and MCV, mean corpuscular volume. Egg test refers to egg yolk-cobalamin pila: test. 
tNormal range is 185 to 740 pmol/L. 


2 
% 
> 
Torn 
a 
2 
E 
> 
2 
b 


Las 


a O a 


C, 
C-2° 


5-uV Intervals 


EP 


EP 


a VORS N EER ARE 





5-ms Intervals 


P22 


N13/P13 


5-ms Intervals 





Median nerve short-latency somatosensory evoked potential in patient 5. (EP indicates Erb’s point. Upward deflection reflects 
negativity.) With right nerve stimulation (right), the central conduction time is mildly prolonged (6.8 milliseconds), and with left 
nerve stimulation (left), the central conduction time is at the upper limit of normal (6.7 milliseconds). A study repeated 1 year 
later (not shown) was normal. 


velocity was 30 m/s at normothermia. 
These evoked potential findings were 
evidence against a spinal cord infarc- 
tion. He became ambulatory and his 
red blood cell mean corpuscular vol- 
ume improved from 99 to 91 fL during 
cobalamin therapy. Patient 8 with de- 
mentia had bilateral median nerve so- 
matosensory evoked potential central 
conduction time abnormalities (7.3 
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milliseconds with right nerve stimula- 
tion and 7.4 milliseconds with left 
nerve stimulation). 


Group 2: Patients With Subtle or Atypical 
Cobalamin Disturbances and Normal 
Schilling Test Results 


The six patients in this group had 
subtle or atypical cobalamin distur- 
bances confirmed by an abnormal 


deoxyuridine suppression test result 
or, in patient 4, by evolution a year 
later into the classic malabsorptive 
picture of pernicious anemia, even 
though her initial deoxyuridine sup- 
pression results were normal. All six 
patients had normal cobalamin ab- 
sorption by the Schilling test. How- 
ever, two of five patients undergoing 
the egg test absorbed food-bound co- 
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Cobalamin Absorptive Status 





Abnormai Schilling test; abnormal egg test 


Abnormal Schilling test; abnormal egg test; 
normal intrinsic factor content 


Borderline-low Schilling test; egg test not 
done 


Normal Schilling test (abnormal 1 year 
later); indeterminate egg test 

Normal Schilling test; abnormal egg test; 
normal intrinsic factor content 





Normal Schilling test; abnormal! egg test 





Normal Schilling test; normal egg test 


Normal Schilling test; normal egg test 





Normal Schilling test; egg test not done; 
abnormal serum pepsinogen and gastrin 
fevels 


Borderline-low Schilling test; normal egg 
test 





Normal Schilling test; normal egg test 


balamin poorly; as mentioned earlier, 
a third patient had indeterminate egg 
test absorption but later developed the 
classic Schilling test malabsorption of 
pernicious anemia. 

Patient 5 had a polyneuropathy and 
his median nerve somatosensory 
evoked potential central conduction 
time with right nerve stimulation (6.8 
milliseconds) was abnormal (Figure). 
It was borderline high with left nerve 
stimulation (6.7 milliseconds). He was 
the only patient in whom we could re- 
evaluate evoked potentials after treat- 
ment. The median nerve somatosen- 
sory evoked potential was retested 1 
year later while he was receiving co- 
balamin therapy and showed normal 
central conduction times (6.0 and 6.4 
milliseconds with left and right nerve 
stimulation, respectively). His neurop- 
athy, however, did not improve. Pa- 
tient 6 was neurologically normal but 
suffered from Graves’ disease. His pos- 
terior tibial nerve somatosensory 
evoked potential showed a mild N21- 
P40 interpeak latency delay (31.8 and 


* 34.4 milliseconds with right and left 


nerve stimulation, respectively). Pa- 
tient 8 was being treated with pheny- 
toin for a seizure disorder and her vi- 
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sual evoked response d2monstrated a 
mild intereye P100 latency difference 
(9 milliseconds longer with right eye 
stimulation). Patient 9, who was ad- 
mitted because of depression, had an 
abnormal pattern-reversal visual 
evoked potential (intereye P100 la- 
tency difference, 28 milliseconds 
longer with left eye stimulation) and 
median nerve somatosensory evoked 
potential (N14-P22 interpeak latencies 
were abnormal: 11.9 ard 10.9 millisec- 
onds with right and left nerve stimu- 
lation, respectively). 

In all, five of these six patients with 
subtle cobalamin deficiency had 
evoked potential abnormalities. The 
lone exception, patient 7, had dementia 
and an abnormal deoxyuridine sup- 
pression test result ir the bone mar- 
row, indicative of cobalamin deficien- 
cy, but malabsorption of neither free 
nor food cobalamin could be demon- 
strated as an explanation for her ap- 
parent cobalamin deficiency. 


Group 3: Patients Witnout Cobalamin 
Deficiency 


Patients 10 and 11 had apparently 
falsely low serum cobalamin levels. 
Both patients had normal deoxyuri- 
dine suppression test results, indicat- 
ing normal cellular. cobalamin status 
in the bone marrow, and had no evi- 
dence for cooalamin malabsorption 
(although patient 10 had a borderline 
Schilling test result, his egg test result 


was normal). Both patients had nor- 


mal evoked potentials. 
COMMENT 


Evoked potential abnormalities 
have been described in classic cobal- 
amin deficiency states such as perni- 
cious anemia”? Two recent studies 
have emphasized the presence of cen- 
tral somatosensory evoked potential 
abnormalities.” Responsiveness of 
these central deficits to cobalamin 


therapy has been cbserved in some- 


cases, although peripheral neuropathy 
was less responsive.?? Our documen- 
tation of evoked potential deficits in 
patients with classic malabsorptive 
disorders (group 1), such as pernicious 
anemia (whizh is defined gastroenter- 
ologically as cobalamin malabsorption 
due to lack of intrinsic factor), is there- 
fore interesting becéuse these patients 
had few or no hemetologic deficits. 
However, what is especially note- 
worthy is that we found similar evoked 


potential abnormalities in subtle or - 


atypical cotalamin deficiency states. 
Central disturbances were docu- 
mented in five of six patients in group 
2. Two had central abnormalities on 
posterior tibial nerve somatosensory 
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evoked potential testing, and three had 
central abnormalities on median nerve 
somatosensory evoked potential test- 
ing. Furthermore, the central conduc- 
tion time improved with therapy in the 
only patient in whom we were able to 
perform follow-up studies. 

It is further noteworthy that in our 
entire series, abnormal evoked poten- 
tials were found in all three patients in 
group- 1 and in five of the six patients 
in group 2, but not in either of the two 
patients whose low serum cobalamin 
levels appeared to be spurious (group 
3). The two patients in group 3 had 
neither evidence of cobalamin defi- 
ciency in their bone marrow cells nor 
malabsorption of free or food-bound 
cobalamin. 

These data strongly suggest that 
subtle but real deficiency states. are 
associated with subtle neurologic as 
well as hematologic dysfunction. More- 
over, even though we were unable to 
evaluate response to cobalamin ther- 
apy in most cases, the one patient in 
whom evoked potential retesting was 


- possible demonstrated improvement 


with cobalamin repletion (patient 5); 
clinical improvement was documented 
in a second case available for follow- 
up, but evoked potentials were not 
retested (patient 2). 

Recent studies have drawn attention 
once again to the often unappreciated 
fact that some patients with cobal- 
amin deficiency may have serious neu- 


- rologic dysfunction even when they 


have no recognizable hematologic 
abnormalities." In addition, accumu- 
lating evidence suggests that atypical 
cobalamin deficiency states, in which 
normal Schilling test results indicate 


‘normal absorption of free cobalamin 
` but in which food-cobalamin malab- 


sorption can be identified by the egg 
test or similar tests, are relatively 
frequent.'*4*! Indeed, our unpublished 


‘observations suggest that such atypi- 


cal states are at least as common asthe 
classic deficiency states. In such pa- 
tients, the diagnosis of neurologic dis- 
ease attributable to cobalamin defi- 
ciency can be difficult unless close at- 
tention is paid to the low serum 
cobalamin level. 

Our study does not permit a reliable 
estimate of the frequency of neurologic 
dysfunction in subtle cobalamin defi- 
ciency. Neurologically impaired sub- 
jects were more likely to be sought for 
our study. This selection factor, how- 
ever, may have been counterbalanced 
by thè fact that many patients with 
obvious neurologic impairment were 
immediately treated by their physi- 
cians without the detailed evaluation 
necessary for our study. Many others 
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.-were discharged without treatment-or ` 


study. Nevertheless, we were able to 
study 11 patients in a 3-year period, at 
least 8 of whom had neurologic dys- 
` function, including evoked potential 
abnormalities, and the actual number 
of such patients at our institution 
almost certainly exceeded that. 
These facts suggest that the phe- 
nomenon is common enough to require 
consideration by all physicians when 
confronted with unexplained neuro- 
_ logic abnormalities, whether cerebral, 
myelopathic, or neuropathic. Our data 
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further indicate that evoked potential 
testing may be a valuable adjunet to 
recognizing that neurologic impair- 
ment exists in such patients, and it 
may sometimes provide evidence to 
support cobalamin deficiency in pa- 
tients with low cobalamin levels of un- 
certain significance. 

These observations need to be con- 
sidered when evaluating a patient with 
a mildly depressed serum cobalamin 
level and normal hematologic profile, 
even if the neurologic examination re- 
sults are normal. Special hematologic 
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pergolide mesylate 
Brief Summary. Consult the package literature for complete information. 


Indications and Usage: Permax is indicated as adjunctive treatment to 
levodopa/carbidopa in the management of the signs and symptoms of Parkin- 
son's disease. 

Evidence to support the efficacy of pergolide mesylate as an antiparkinso- 
nian adjunct was obtained in a multicenter study enrolling 376 patients with 
mild to moderate Parkinson's disease who were intolerant to levodopa/ 
Carbidopa as manifested by moderate to severe dyskinesia and/or on-off phe- 
nomena. On average, the sample of patients evaluated had been on levodopa/ 
carbidopa for 3.9 years (range, two days to 16.8 years). The administration of 

ergolide mesylate permitted a 5% to 30% reduction in the daily dose of 
levodopa. On average, these patients treated with pergolide mesylate main- 
tained an equivalent or better clinical status than they exhibited at baseline. 


Contraindications: Pergolide mesylate is contraindicated in patients who are 
hypersensitive to this drug or other ergot derivatives. 


Warnings: Symptomatic Hypotension —In clinical trials, approximately 10% 
of patients taking pergolide mesylate with levodopa vs 7% taking placebo with 
levodopa experienced symptomatic orthostatic and/or sustained hypotension, 
especially during initial treatment. With gradual dosage titration. tolerance to 
the hypotension usually develops. It is, therefore, important to warn patients of 
the risk, to begin therapy with low doses, and to increase the dosage in care- 
fully adjusted increments over a period of three to four weeks. 

Hallucinosis —in controlled trials, pergolide mesylate with levodopa caused 
hallucinosis in about 14% of patients as opposed to 3% taking placebo with 
levodopa. This was of sufficient severity to cause discontinuation of treatment 
in about 3% of those enrolled; tolerance to this untoward effect was not 
observed 

Fatalities —\n the placebo-controlled trial, two of 187 patients treated with 
placebo died as compared with one of 189 patients treated with pergolide 
mesylate. Of the 2,299 patients treated with pergolide mesylate in premarketing 
studies evaluated as of October 1988, 143 died while on the drug or shortly 
after discontinuing the drug. The patient population under evaluation was 
elderly. ill, and at high risk for death. It seems unlikely that Lh er mesylate 
played any role in these deaths, but the possibility that pergolide shortens sur- 
vival of patients cannot be excluded with absolute certainty. 

In particular, a case-by-case review of the clinical course of the patients who 
died failed to disclose any unique set of signs, symptoms, or laboratory results 
that would suggest that treatment with pergolide caused their deaths. Sixty- 
eight percent (68%) of the patients who died were 65 years of age or over No 
death (other than a suicide) occurred within the first month of treatment; most 
of the patients who died had been on pergolide for years. A relative frequency of 
the causes of death by organ system are: pulmonary failure/pneumonia, 35%; 
cardiovascular, 30%; cancer, 11%; unknown, 8.4%; infection, 3.5%; extrapyra- 
midal syndrome, 3.5%: stroke, 2.1%; dysphagia, 2.1%; injury, 1.4%; suicide, 
1.4%; dehydration, 0.7%; glomerulonephritis, 0.7% 


Precautions: Genera/ —Caution should be exercised when administering 
pergolide mesylate to patients prone to cardiac dysrhythmias 

In a study comparing pergolide mesylate and placebo, patients taking 
pergolide mesylate were found to have significantly more episodes of atrial 
premature contractions (APCs) and sinus tachycardia 

The use of pergolide mesylate in patients on levodopa may cause and/or 
exacerbate preexisting states of confusion and hallucinations (see Warnings) 
Also, the abrupt discontinuation of pergolide mesylate in patients receiving it 
chronically as an adjunct to levodopa may precipitate the onset of hallucina- 
tions and confusion; these may occur within a span of several days. Discontin- 
uation of pergolide should be undertaken gradually whenever possible, even if 
the patient is to remain on levodopa. 

The administration of pergolide mesylate to patients receiving levodopa may 
cause and/or exacerbate preexisting dyskinesia 

Information for Patients —Patients and their families should be informed of 
the common adverse consequences of the use of pergolide mesylate (see 
Adverse Reactions) and the risk of hypotension (see Warnings) 

Patients should be advised to notify their physician if they become pregnant 
or intend to become pregnant during therapy. 

eats should be advised to notify their physician if they are breast feeding 
an infant 

Laboratory Tests —No specific laboratory tests are deemed essential for the 
management of patients on Permax. Periodic routine evaluation of all patients, 
however, is appropriate 

Drug Interactions —Dopamine antagonists, such as the neuroleptics (phe- 
Nothiazines, butyrophenones, thioxanthines) or metoclopramide, ordinarily 
should not be administered concurrently with Permax (a dopamine 
agonist); these agents may diminish the effectiveness of Permax 

Because pergolide mesylate is approximately 90% associated with plasma 
proteins, caution should be exercised if pergolide mesylate is coadministered 
with other drugs known to affect protein binding 

Carcinogenesis, Mutagenesis, and Impairment of Fertility —A two-year 
Carcinogenicity study was conducted in mice using dietary levels of pergolide 
mesylate equivalent to oral doses of 0.6, 3.7, and 36.4 mg/kg/day in males and 
0.6, 4.4, and 40.8 mg/kg/day in females. A two-year study in rats was con- 
ducted using dietary levels equivalent to oral doses of 0.04, 0.18, and 0.88 
mg/kg/day in males and 0.05, 0.28, and 1 42 mg/kg/day in females. The 
highest doses tested in the mice and rats were approximately 340 and 12 times 
the maximum human oral dose administered in controlled clinical trials (6 mg/ 
day equivalent to 0.12 mg/kg/day) 

A low incidence of uterine neoplasms occurred in both rats and mice 
Endometrial adenomas and carcinomas were observed in rats. Endometrial 
sarcomas were observed in mice. The occurrence of these neoplasms is prob- 
ably attributable to the high estrogen/progesterone ratio which would occur in 
rodents as a result of the prolactin-inhibiting action of pergolide mesylate. The 
endocrine mechanisms believed to be involved in the rodents are not presentin 
humans. However, even though there is no known correlation between uterine 
malignancies occurring in pergolide-treated rodents and human risk, there are 
no human data to substantiate this conclusion. 

Pergolide mesylate was evaluated for mutagenic potential in a battery of 
tests that included an Ames bacterial mutation assay, a DNA repair assay in 
cultured rat hepatocytes, a point-mutation assay in cultured L5178Y cells, and 
a determination of chromosome alteration in bone marrow cells of Chinese 
hamsters. A weak mutagenic response was noted in the in vitro mammalian 
cell-point-mutation assay using L5178Y cells only after metabolic activation 
with rat liver microsomes. No mutagenic effects were obtained in the two other 
in vitro assays and in the in vivo assay. The relevance of these findings to 
humans is unknown. 

Afertility study in male and female mice showed that fertility was maintained 
at 0.6 and 1.7 mg/kg/day but decreased at 5.6 mg/kg/day. Prolactin has been 
reported to be involved in stimulating and maintaining progesterone levels 
required for implantation in mice and, therefore, the impaired fertility at high 
dose may occur because of depressed prolactin levels. 

Usage in Pregnancy—Pregnanc; pagay B —Reproduction studies were 
conducted in mice at doses of 5, 16, and 45 mg/kg/day and in rabbits at doses 
of 2, 6, and 16 mg/kg/day. The highest doses tested in mice and rabbits were 
375 and 133 times the 6 mg/day maximum human dose administered in con- 
trolled clinical trials. Inthese studies, there was no evidence of harmtothe fetus 
due to pergolide mesylate 

There are, however, no adequate and well-controlled studies in pregnant 
women. Among women who received pergolide mesylate for endocrine disor- 
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ders in premarketing studies, there were 33 pregnancies that resulted in healthy 
babies and four pregnancies that resulted in congenital abnormalities (two 
major, two minor); a causal relationship has not deen established. Because 
human data are limited and because animal reproduction studies are not 
always predictive of human response, this drug snould be used during preg- 
nancy only if clearly needed 

Nursing Mothers —It is not known whether this drug is excreted in human 
milk. The pharmacologic action of pergolide mesylate suggests that it may 
interfere with lactation. Because many drugs are excreted in human milk and 
because of the potential for serious adverse reactions to pergolide mesylate in 
nursing infants, a decision should be made whether to discontinue nursing or to 
cocoons the drug, taking into account the importance of the drug to the 
mother 
i nne Use —Satety and effectiveness in children have not been estab- 
isher 


Adverse Reactions: Commonly Observed —in premarketing clinical trials, the 
most commonly observed adverse events associated with use of pergolide 
mesylate which were not seen at an equivalent incidence among placebo- 
treated patients were: nervous system complaints, including dyskinesia, hallu- 
cinations, somnolence, insomnia; digestive complaints, including nausea, 
constipation, diarrhea, dyspepsia; and respiratory system complaints, includ- 
ing rhinitis 

Associated With Discontinuation of Treatment —Twenty-seven percent 
(27%) of approximately 1,200 patients receiving pergolide mesylate for treat- 
ment of Parkinson's disease in premarketing clinical trials inthe US and Canada 
discontinued treatment due to adverse events. The events most commonly 
causing discontinuation were related to the nervous system (15.5%), primarily 
hallucinations (7 8%) and confusion (1.8%) 

Fatalities—See Warnings. 

Incidence in Controlled Clinical Trials —The table that follows enumerates 
adverse events that occurred at a frequency of 1% or more among patients 
taking pergolide mesylate who participated in the premarketing controlled clin- 
ical trials comparing pergolide mesylate with placebo. In a double-blind, con- 
trolled study of six months’ duration, patients with Parkinson's disease were 
continued on levodopa/carbidopa and were randomly assigned to re- 
ceive either pergolide mesylate or placebo as additional therapy. 

The prescriber should be aware that these figures cannot be used to predict 
the incidence of side effects in the course of usual medical practice where 
patient characteristics and other factors differ from those which prevailed 
in the clinical trials. Similarly, the cited frequencies cannot be compared with 
figures obtained from other clinical investigations involving different treat- 
ments, uses, and investigators. The cited figures, however, do provide the pre- 
scribing physician with some basis for estimating the relative contribution of 
drug and nondrug factors to the side-effect incidence rate in the population 
studie 


Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 
Percentage of Patients Reporting Events 


Body System/ Pergolide Mesylate Placebo 
Adverse Event* N=189 N=187 


Body as a Whole 
Pain 
Abdominal pain 
Injury, accident 
Headache 
Asthenia 
Chest pain 
Flu syndrome 
Neck pain 
Back pain 
Surgical procedure 
Chills 
Face edema 
Infection 

Cardiovascular 


Postural hypotension 
Vasodilatation 
Palpitation 
Hypotension 
Syncope 
Hypertension 
Arrhythmia 
Myocardial infarction 


Digestive 
Nausea 
Constipation 
Diarrhea 
Dyspepsia 
Anorexia 
Dry mouth 
Vomiting 


Hemic and Lymphatic 
Anemia V1 <1 
Metabolic and Nutritional 


Peripheral edema 74 

Edema 16 

Weight gain 16 
Musculoskeletal 


Arthraigia 1 
Bursitis 1 
Myalgia 1 
Twitching 1 
Nervous System 
skinesia 2 
es 8. 
Hallucinations 3 
Dystonia 1 
Confusion 1 
Somnolence 0 
Insomnia 7 
Anxiety 6. 
Tremor 4 
Depression 5 
2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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Abnormal dreams 
Personality disorder 
Psychosis 
Abnormal gait 
Akathisia 
Extrapyramidal syndrome 
Incoordination 
Paresthesia 
Akinesia 

Hypertonia 
Neuralgia 

Speech disorder 
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Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 
Percentage of Patients Reporting Events 


Body System/ Pergolide Mesylate Placebo 
Adverse Event" N=189 N=187 


Respiratory System 
Rhinitis 1 
Dyspnea 
Epistaxis 
Hiccup 


Skin and Appendages 
Rash 
Sweating 


Special Senses 
Abnormal vision 
Diplopia 
Taste perversion 
Eye disorder 


Urogenital System 
Urinary frequency 2 
Urinary tract infection 2 
Hematuria 1 


Events reported by at least 1% of patients receiving pergolide mesylate are 
included 


Events Observed During the Premarketing Evaluation of Permax —This sec- 
tion reports event frequencies evaluated as of October 1988 for adverse events 
ocurring ina group of approximately 1.800 patients who took multiple doses of 
pergolide mesylate. The conditions and duration of exposure to pergolide 
mesylate varied greatly. involving well-controlled studies as well as experience 
in open and uncontrollec clinical settings. In the absence of appropriate con- 
trols in some of the stucies, a causal relationship between these events and 
treatment with pergolide mesylate cannot be determined 

The following enumeration by organ system describes events in terms of 
their relative frequency of reporting in the data base. Events of major clinical 
impartanca are also described in the Warnings and Precautions sections 

he following definitions of frequency are used: frequent adverse events are 
defined as those occurring in atleast 1/100 patients; infrequent adverse events 
are those occurring in 1/100 to 1/1,000 patients: rare events are those occur- 
ig in fewer than 1/1.000 patients. 

ody as a Whole — Frequent: headache, asthenia, accidental injury, abdom- A 
inal pain, chest pain, back pain, flu syndrome, neck pain, tever, Infrequent. 
facial edema, chills, enlarged abdomen, malaise, neoplasm, hernia, pelvic 
pain, sepsis, cellulitis, moniliasis, abscess, jaw pain, hypothermia; Rare: acute 
abdominal syndrome, LE syndrome 

Cardiovascular System — Frequent: postural hypotension, syncope, hyper- 
tension, palpitations, vasodilatations, congestive heart failure; Infrequent: 
myocardial infarction, tachycardia, heart arrest, abnormal electrocardiogram, 
angina pectoris, thrombophlebitis, bradycardia, ventricular extrasystoles, 
cerebrovascular accident, ventricular tachycardia, cerebral ischemia, atrial 
fibrillation, varicose vein, pulmonary embolus, AV block, shock: 
Rare: vasculitis, pulmonary hypertension, pericarditis, migraine, heart block, 
cerebral hemorrhage 

Digestive System — Frequent: nausea, vomiting, dyspepsia, diarrhea, con- 
stipation, dry mouth, dysphagia; Infrequent: flatulence, abnormal liver function 
tests, increased appetite, salivary gland enlargement, thirst, gastroenteritis, 
Qastritis, periodontal abscess, intestinal obstruction, nausea and vomiting, 
Gingivitis, esophagitis, cholelithiasis, tooth caries, hepatitis, stomach ulcer, 
melena, hepatomegaly, hematemesis, eructation: Rare: sialadenitis, peptic 
ulcer, pancreatitis, jaundice, glossitis, fecal incontinence, duodenitis, colitis, 
cholecystitis, aphthous stomatitis, esophageal ulcer. 

Endocrine System —/nfrequent: hypothyroidism, adenoma, diabetes melli- 
tus, ADH inappropriate. Rare: endocrine disorder, thyroid adenoma 

Hemic and Lymphatic System — Frequent: anemia; Infrequent: leukopenia. 
lymphadenopathy, leukocytosis, thrombocytopenia, petechia, megaloblastic 
anemia, cyanosis; Rare: purpura, lymphocytosis, eosinophilia, thrombag: 
cythemia, acute lymphoblastic leukemia, polycythemia, splenomegaly 

Metabolic and Nutritional System — frequent. peripheral edema, weight 
loss, weight gain; /nfrequent: dehydration, hypokalemia, hypoglycemia,iron 
deficiency anemia, hyperglycemia, gout, hypercholesteremia, Rare elec- 
trolyte imbalance, cachexia, acidosis, hyperuricemia 

Musculoskeletal System —Frequent. twitching. myalgia. arthralgia, /ntre- 
quent: bone pain, tenosynovitis, myositis, bone sarcoma, arthritis, Rare. 
osteoporosis, muscle atrophy, osteomyelitis 

Nervous System —Frequent: dyskinesia, dizziness, hallucinations, contu- 
sion, somnolence, insomnia, dystonia, paresthesia, depression, anxiety, 
tremor, akinesia, extrapyramidal syndrome, abnormal gait, abnormal dreams, 
incoordination, psychosis, personality disorder, nervousness, choreoatheto- 
sis, amnesia, paranoid reaction, abnormal thinking; /nfrequent: akathisia, neu- 
ropathy, neuralgia, hypertonia, delusion, convulsion, libido increased, 
euphoria, emotional lability, libido decreased, vertigo, myoclonus, coma, apa- 
thy, paralysis, neurosis, hyperkinesia, ataxia, acute brain syndrome, torticollis, 
meningitis, manic reaction, hypokinesia, hostility, agitation, hypotonia; Rare. 
stupor, neuritis, intracranial hypertension, hemiplegia, facial paralysis, brain 
edema, myelitis, hallucinations and contusion after abrupt discontinuation 

Respiratory System —Frequent: rhinitis, dyspnea, pneumonia, pharyngitis, 
cough increased; /nfrequent: epistaxis, hiccup, sinusitis, bronchitis, voice 
alteration, hemoptysis, asthma, lung edema, pleural effusion, laryngitis, 
emphysema, apnea, hyperventilation; Rare: pneumothorax, lung fibrosis. 
larynx edema, hypoxia, hypoventilation, hemothorax, carcinoma of lung 

kin and Appendages System — Frequent: sweating, rash; Infrequent skin 
discoloration, pruritus, acne, skin ulcer, alopecia, dry skin, skin carcinoma, 
seborrhea, hirsutism, herpes simplex, eczema, fungal dermatitis, herpes 
zoster; Rare: vesiculobullous rash, subcutaneous nodule, skin nodule, ye 
benign neoplasm, lichencid dermatitis 

Special Senses System —Frequent: diplopia; Infrequent: otitis media, con- 
junctivitis, tinnitus, deafness, taste perversion, ear pain, eye pain, glaucoma 
eye hemorrhage, photophobia, visual field defect; Rare: blindness, cataract, 
retinal detachment, retinal vascular disorder 

Urogenital System —Frequent: urinary tract infection, urinary frequency, 
urinary incontinence, hematuria, dysmenorrhea; /nfrequent: dysuria, breast 
pain, menorrhagia, impotence, cystitis, urinary retention, abortion, vaginal 
hemorrhage, vaginitis, priapism, kidney calculus, fibrocystic breast, lactation, 
uterine hemorrhage, urolithiasis, salpingitis. pyuria, metrorrhagia, Menopause, 
kidney failure, breast carcinoma, cervical carcinoma; Rare: amenorrhea, blad- 
der carcinoma, breast engorgement, epididymitis, hypogonadism, leukorrhea, 
nephrosis, pyelonephritis, urethral pain, uricaciduria, withdrawal bleeding 
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Progressive Myopathy in Hyperkalemic Periodic Paralysis 


Walter G. Bradley, DM, FRCP; Reid Taylor, MD; David R. Rice, MD; Irena Hausmanowa-Petruzewicz, MD; 
Lester S. Adelman, MD; Margaret Jenkison, FIMLS, DMLM; Hanna Jedrzejowska, MD; 


H. Drac, MD; William W. Pendlebury, MD 


è A progressive degenerative myopa- 
thy has been well described in hypokale- 
mic periodic paralysis but is not as widely 
recognized in hyperkalemic periodic pa- 
ralysis. We studied four families with the 
latter disease in which some members de- 
veloped a progressive myopathy. Epi- 
sodes of paralysis were prolonged, lasting 
for months in some cases, and in one case 
paralysis was sufficiently severe to re- 
quire ventilatory support. The progressive 
myopathy tended to develop at a time 
when attacks of paralysis were decreas- 
- ing in frequency. Muscle biopsy speci- 
mens showed variability in fiber size, in- 
ternal nuclei, and fibers with vacuoles. 
Electron microscopy showed myofibrillary 
degeneration and tubular aggregates. An 
abnormal biopsy specimen was more com- 
mon in older patients. Our experience 
suggests that a progressive myopathy is 
as common in hyperkalemic periodic pa- 
ralysis as it is in the hypokalemic disorder. 

(Arch Neurol. 1990;47:1013-1017) 


Hyeerkalemic periodic paralysis is 

an autosomal dominant disorder 
in which episodes of typically brief 
generalized flaccid weakness occur and 
are followed by complete recovery. 
Weakness of bulbar, ocular, or respi- 
ratory muscles is rare. The attacks 
are commonly precipitated by rest af- 
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ter exercise, cold exposure, emotional 
stress, fasting, or alcohol consump- 
tion, the first of which is by far the 
most common and most potent pre- 
cipitant.* Exogenous corticotropin, 
glucocorticoids, and oral potassium 
salts can also induce attacks.* The se- 
rum potassium level generally rises 
during paretic episodes, at which time 
the electrocardiogram may show con- 
comitant T-wave elevation, and the 
tendon reflexes may diminish or 
disappear.'* Return of serum potas- 
sium levels to normal parallels the re- 
turn of strength. Percussion, action, 
and electrical myotonia may be seen 
both during and between attacks.‘ The 
interictal resting membrane potential 
of the sarcolemma is lower than nor- 
mal and falls further in an attack of 
paralysis, but the extent of the serum 
potassium level rise is insufficient to 
explain the lowered resting membrane 
potential.’ It appears likely that hy- 
perkalemic periodic paralysis and the 
other periodic paralysis and myotonic 
disorders are due to mutations of the 
genes for the sarcolemmal ion channel 
proteins, such as the voltage-depen- 
dent sodium channel. 

The occurrence of a myopathy in pe- 
riodic paralysis is well known. 
Goldflam? first described in 1897 the 
myopathic changes of patients with 
periodic paralysis that was almost cer- 
tainly of the hypokalemic type. He ob- 
served muscle fiber hypertrophy, myo- 
fibrillary separation, and single or 
multiple vacuoles within fibers. Bie- 
mond and Daniels,’ in 1934, were the 
first to report the relationship of par- 
alytic attacks to low levels of potas- 
sium, and many subsequent reports of 
vacuolar myopathy in hypokalemic pe- 
riodic paralysis have appeared since 
then.!%4 

The development of a similar type of 
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progressive myopathy in hyperkale- 
mic periodic paralysis (Gamstorp’s 
disease, adynamia episodica heredi- 
taria) has been mentioned in a number 
of reports, though some of these are 
very atypical cases. Gamstorp and co- 
workers’ first description of hyper- 
kalemie periodic paralysis included a 
60-year-old patient who had had a 
slowly progressive myopathy for 30 
years.'> The biopsy specimen from 
this patient showed myopathic 
changes with vacuolar degeneration 
present in a few fibers. The appear- 
ances were interpreted as being con- 
sistent with myotonic dystrophy, 
which led Gamstorp et al to question 
the significance of the findings. The 
reports by French and Kilpatrick,’ 
Gruner and Porte,” Bekeny,'* 
McArdle, Pearson,* Hudson,” Mac- 
Donald et al,” and Faugere et al have 
been cited as examples of families with 
hyperkalemic periodic paralysis and a 
proximal myopathy. However, the 
cases of French and Kilpatrick and 
Hudson” have many atypical features 
for a diagnosis of hyperkalemic peri- 
odic paralysis. 

Despite these reports, the general 
impression to be gained from the lit- 
erature is that a progressive myopathy 
is less common in hyperkalemic peri- 
odic paralysis than in the hypokalemic 
disorder. To emphasize the frequency 
of this condition, we describe six pa- 
tients with a progressive degenerative 
myopathy with vacuolar features in 
four previously undescribed families 
with hyperkalemic periodic paralysis. 


REPORT OF CASES 


Six patients from four families with dom- 
inantly inherited hyperkalemic periodic 
paralysis were studied for a progressive 
myopathy. A total of 20 patients fromthese 


families were investigated in DeB . 
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from the development of prolonged paraly- 
sis and progressive muscle weakness, these 
families were typical for the condition 
termed adynamia episodica hereditaria. 
Provocative testing on at least one member 
of each family with up to 120 mEq of potas- 
sium chloride produced attacks of muscle 
weakness. Insulin, glucose, and cold provo- 
cation tests failed to produce an attack of 
weakness in any patient. 


Massachusetts Family 


In five generations, there were 49 mem- 
bers, 32 (65% ) of whom had periodic attacks 
of paralysis. The disorder had a dominant 
inheritance pattern (Fig 1). 

The usual course of the illness in this 
family is typified by that of patient IV-8. 
This 40-year-old man had had his first 
attack of lower-extremity weakness during 
an infection at age 1% years. Occasional 
recurrent attacks of limb weakness began 
at 6 years of age, occurring with rest after 
exercise, with prolonged sitting (especially 
in a warm room), and with fasting. Attacks 
could be aborted by walking when the 
warning symptom of a “creeping heav- 
iness” began in the thighs. Attack fre- 
quency increased markedly during adoles- 
cence and became nocturnal as well as 
diurnal. In addition, chronic stiffness and 
weakness developed at this time and would 
suddenly worsen when the patient first 
arose from a chair (action myotonia) but 
always lessened in colder weather. This in- 
duced him to keep his bedroom quite cool, 
which also diminished the frequency and 
severity of nocturnal attacks of paralysis. 
Quadriparetic episodes occurred rarely, 
usually associated with gastrointestinal 
tract infections. Recovery from quadripare- 
sis could take as long as 4 weeks. 

The frequency of paralytic episodes be- 
gan to lessen when the patient was in his 
early 20s, but a slowly progressive proximal 
limb muscle weakness began to develop at 
this time. Treatment with oral potassium 
chloride worsened his attacks; acetazola- 
mide decreased the frequency but not the 
severity of the attacks. Hydrochlorothia- 
zide provided the best relief. At the age of 
40 years, the patient had a moderate weak- 
ness of proximal upper and lower limbs, 
with some difficulty in climbing stairs. 
There was no muscle atrophy. 

Several other members of the family 
were reported to have developed progres- 
sive muscle weakness in their later years. 
The 61-year-old father (III-4) of patient 
IV-8 illustrates the course of the myopathy 
with age. As in the other members of the 
family, the onset of his attacks of weakness 
occurred in infancy, worsened in adoles- 
cence, and ceased in the mid-third decade. 
Proximal weakness began to develop in the 
fifth decade and slowly progressed for the 
next 15 years. Examination at age 61 years 
showed Medical Research Council” grade 4 
weakness of proximal upper and lower limb 
muscles, with difficulty climbing stairs and 
lifting objects above his head. 


Polish Family A 


In this family, prolonged myopathic 
weakness occurred in eight members of five 
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Fig 1.—Pedigree of Massachusetts family. 


generations, at times producing total pa- 
ralysis of almost all skeletal muscles. The 
inheritance pattern was compatible with an 
autosomal dominant trait. A father and 
daughter from this family were studied in 
detail. 

The daughter had her first attack of gen- 
eralized muscle weakness at 6 months of 
age. Through her first 15 years, the fre- 
quency and duration of attacks slowly in- 
creased, and the attacks became nocturnal 
as well as diurnal. Severe attacks involved 
muscles of swallowing and respiration. 
Postictal paresis usually remained for 2 to 
7 days. However, persistent interattack 
proximal limb weakness lasting 1 year oc- 
curred at the age of 4 years and again at 17 
years. From age 7 years onward, she was 
somewhat weak all of the time. Distal left 
lower-extremity weakness became evident 
at the age of 14 years. Albuterol (Ventolin) 
inhalations now prevent all but rare noc- 
turnal attacks, which last 1 or 2 days, but 
the patient still has moderate weakness of 
the proximal lower-limb muscles, with a 
waddling gait. 

The 56-year-old father had a history 
similar to that of his daughter, except that 
the frequency of paralytic attacks in- 
creased in his mid-20s and proximal limb 
strength steadily worsened, more so in the 
lower limbs. At the age of 48 years, the 
weakness worsened and he became unable 
to walk. For the next 8 years, his attacks of 
weakness markedly decreased in frequency 
but he became completely bedridden by 
permanent proximal muscle weakness. 


Polish Family B 


This family showed a typical dominant 
inheritance pattern, with 44 of 88 relatives 
in five generations being affected (Fig 2). 
One member of this family (patient III-2) 
was severely affected, having marked gen- 
eralized weakness for 5 years during late 
adolescence and requiring frequent respi- 
rator support. Her condition responded to 
prednisone and albuterol therapy with a 


gradual decrease in the number and sever- 
ity of attacks. She still had significant dis- 
ability, with fixed, mainly proximal upper- 
and lower-limb weakness and recurrent 
paretic attacks, but was able to work. Her 
sister (patient III-3) had similar severe at- 
tacks. The remaining affected family mem- 
bers had typical mild attacks of periodic 
weakness associated with hyperkalemia 
and returned to normal strength between 
attacks. 


Vermont Family 


The propositus in this family and other 
members of his mother’s family (her father, 
sister, and children of her brother, as well 
as more distant family members) had sim- 
ilar intermittent paralytic attacks, al- 
though the mother of the propositus had 
not had paralytic attacks. The propositus 
was 44 years old, and his first paralytic at- 
tack had occurred on the first day of school 
after prolonged immobility. Until the age of 
40 years, attacks came about monthly and 
were mild. At the age of 40 years, attacks 
became more prolonged, lasting up to a 
month, and persistent leg weakness devel- 
oped. Examination showed Medical Re- 
search Council grade 4 bilateral weakness 
of hip flexion and ankle dorsiflexion and 
grade 2 power in the gastrocnemius mus- 
cles. 


RESULTS OF LABORATORY 
INVESTIGATIONS 
Massachusetts Family 


Four members of this family (Il-4, 
IV-8, V-1, and V-8) were studied. The 
serum creatine kinase (CK) level was 
three times normal in patient IV-8, six 
times normal in patient V-1, and nor- 
mal in patient V-8, the youngest pa- 
tient examined. Electromyograms 
showed both true myotonic discharges 
and bizarre repetitive discharges 
along with myopathic motor unit po- 
tentials in patients IV-8 and V-1; the 
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electromyogram was normal in pa- 
tient V-8. Results of nerve conduction 
studies were normal in all four pa- 
tients. 

Muscle biopsy specimens were ob- 
tained between attacks in patients II- 
4, IV-8, and V-1. The biopsy specimen 
of patient V-1, the youngest patient 
who underwent this investigation, 
showed fiber size variation and occa- 
sional degenerating fibers. Muscle 
from patient IV-8 at age 40 years 
showed variability in fiber size, inter- 
nal nuclei, fiber splitting, and fibers 
with single large vacuoles or multiple 
smaller vacuoles. The vacuoles showed 
no histochemical staining, apart from 
a few periodic acid-Schiff-positive 
granules. Granular degenerative 
changes were present in subsarcolem- 
mal areas in some fibers. The nicotina- 
mide-adenine dinucleotide-tetrazoli- 
um reductase stain showed central 
clearing in many of the fibers, with 
vacuolar changes predominantly in 
type 2 fibers. The myosin adenosine 
triphosphatase stain showed type 1 
fiber predominance and confirmed that 
the vacuoles occurred mainly in type 2 
fibers. Similar changes were present in 
the muscle biopsy specimen from pa- 
tient III-4. 

Electron microscopy of the muscle of 
patient IV-8 showed occasional areas 
of myofibrillary disorganization and 
granular degeneration. The vacuoles 
were lined with a unit membrane. 
There were villous projections into the 
vacuolar space. In some areas leading 
out of the vacuoles there were tubular 
structures with thickened walls re- 
sembling T-tubules. Multiple pinocy- 
totic vesicles lay adjacent to the vacu- 
ole walls. 


Polish Family A 


The father and daughter of this 
family were hospitalized for evalua- 
tion in both Warsaw, Poland, and New- 
castle-Upon-Tyne, England. The se- 
rum CK and aldolase levels were nor- 
mal in the father and slightly raised in 
the daughter. Results of all other blood 
studies were normal, except for pro- 
foundly elevated serum potassium lev- 
els (9.4 to 10.7 mmol/L) during attacks 
in the father. Electromyograms 
showed myopathic changes but no my- 
otonia. Nerve conduction velocities 
were normal. 

A muscle biopsy specimen from the 
daughter was normal except for a sin- 
gle degenerating fiber. The father’s bi- 
opsy specimen, in contrast, showed 
marked myopathic change with 
marked fiber size variation, internal 
nuclei, fiber splitting, whorled fibers, 
fibrosis, and vacuolar changes. 
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Fig 2.—Pedigree of Polish family B. Arrow indicates proband (Ill-2). 


Polish Family B 


The most severely affected member 
of this family, a 22-year-old woman 
(patient III-2), with marked general- 
ized weakness, was fully investigated. 
The serum CK level, aldolase level, re- 
sults of other blood studies, and elec- 
tromyograms were normal. The biceps 
brachii muscle biopsy specimen 
showed only type 2 fiber atrophy. Elec- 
tron microscopic studies showed tubu- 
lar aggregates. 


Vermont Family 


The propositus had an elevated se- 
rum CK level of 153 U/L (normal, <80 
U/L). The remainder of the blood 
studies gave normal results. The elec- 
tromyogram showed widespread myo- 
pathic motor units, prominent bizarre 
high-frequency repetitive discharges, 
occasional true myotonic discharges, 
and occasional fibrillation potentials 
and positive sharp waves. Nerve con- 
duction velocities were normal. The 
left quadriceps muscle biopsy speci- 
men showed increased variation in 
fiber size and excessive rounding and 
splitting of fibers, about 50% of which 
had internal nuclei. Granulovacuolar 
degeneration and tubular aggregates 
were present in 20% of fibers (Figs 3 
and 4). 
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COMMENT 


Our experience emphasizes that two 
features generally thought to be more 
common in familial hypokalemic peri- 
odie paralysis than in hyperkalemic 
periodic paralysis, namely profound 
paralysis and progressive myopathy, 
are also features of the latter condi- 
tion. 


Quadriplegia and Prolonged Paralytic 
Attacks in Hyperkalemic Periodic 
Paralysis 


Paralytic attacks in hyperkalemic 
periodic paralysis can be so severe as 
to involve muscles of swallowing and 
respiration, necessitating artificial 
ventilation. Talbott” described a mor- 
tality of 10% in periodic paralysis. 
That report antedated the recognition 
of hyperkalemic periodic paralysis, 
and hence cases of both hypokalemic 
and hyperkalemic periodic paralysis 
were probably included. Residual 
weakness from the attacks can be pro- 
longed, as in Polish family A, in which 
the daughter had two periods of sus- 
tained weakness, each lasting a year, 
with eventual partial remission. Also, 
although the attack frequency gener- 
ally lessens with time, in some families 
recuperation from each successive at- 
tack appeared to become increasingly 
prolonged. At times it can be difficult 
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Fig 3.—Electron micrograph of a muscle biopsy specimen of a patient with familial hyperkalemic 


periodic paralysis showing granulovacuolar degeneration. Inset, Higher-power view showing 


spheromembranous degenerative material. 





Fig 4.—Electron micrograph of the muscle biopsy specimen from Fig 3 showing a longitudinal 
section of tubular aggregates. Inset, Cross section of the tubular aggregates showing typical 
“honeycomb” pattern. 


to determine if the sustained weakness 
indicates a prolonged attack or a pro- 
gressive myopathy. 


Progressive Degenerative Myopathy in 
Hyperkalemic Periodic Paralysis 


Our families and those in a few ear- 
lier reports in the literature show that 
a slowly progressive degenerative my- 
opathy can occur in the hyperkalemic 
as well as in the hypokalemic type of 
periodic paralysis. In both disorders, 
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the myopathy can be associated with 
vacuolation of muscle fibers. Gamstorp 
and coworkers’ initial description of 
the disease included an older patient 
with a 30-year history of progressive 
weakness, whose biopsy specimen 
showed vacuolar changes." That the 
myopathy is unrelated to the attacks 
of weakness had not been firmly estab- 
lished in the past.*?? Our cases indi- 
cated that the development of the my- 
opathy can be independent of the fre- 


quency and severity of attacks. For 
instance, the weakness in patient II-2 
of the Massachusetts family and in 
patient II-1 of Polish family B ap- 
peared and progressed at a time when 
the attack frequency and intensity 
were lessening. Those patients with 
the most severe attacks in earlier life 
appeared to be most likely to develop a 
progressive degenerative myopathy 
later. In younger patients, severe pro- 
longed weakness occurred with little 
histologic abnormality, in contrast to 
older patients, in whom a striking de- 
gree of myopathic and vacuolar degen- 
erative change was seen on muscle bi- 
opsy specimens. 

Elevation of the serum CK levels 
may indicate the presence of ongoing 
myopathic change. Previous studies of 
serum CK level elevation in hyperkale- 
mic periodic paralysis have noted that 
the rise of serum CK level occurred 48 
hours after the onset of the attack and 
peaked 72 to 96 hours later.** Normal 
levels were regained in 6 or more days. 
However, none of the previously stud- 
ied patients had progressive weakness 
or atrophy. The persistent serum CK 
level elevation in patients in our Mas- 
sachusetts and Vermont families, 
therefore, probably reflected ongoing 
muscle fiber degeneration. 


Pattern of Attacks and Myopathy in 
Different Families With Hyperkalemic 
Periodic Paralysis 


The profile of attack frequency and 
overall clinical course varied from 
family to family, each seeming to fol- 
low its own individual pattern. For in- 
stance, the decrease in frequency and 
shift from diurnal to predominantly 
nocturnal occurrence with age in the 
Massachusetts family contrasted with 
the persistent frequent attacks even in 
later years in Polish family A. It seems 
likely that slightly different mutations 
of sarcolemmal ion channel polypep- 
tides underlie these differences. Our 
experience suggests that a degenera- 
tive myopathy occurs relatively fre- 
quently in families with hyperkalemic 
periodic paralysis, whatever the clini- 
cal pattern. 


Cause of Myopathy in Hyperkalemic 
Periodic Paralysis 


The cause of the myopathy is unclear 
at present. Since it appears generally 
to be more marked in older patients 
and in those who have had the most 
severe attacks, it may be due to chronic 
effects of the disease, as Pearson’ hy- 
pothesized. However, our cases indi- 
cate that it is not attacks per se that 
produce the degenerative myopathy. 
In hypokalemic periodic paralysis, 
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weakness has been reported to pro- 
gress after the cessation of attacks.‘ 
Myopathy independent of paralytic at- 
tacks has been reported in pedigrees 
with periodic paralysis,“ lending 
support to Bekeny’s proposal" that the 
myopathy depends on the underly- 
ing pathophysiologic characteristics. 
Creutzfeldt et al” and McComas et 
al’ suggested that the muscle fiber 
sarcolemma in hyperkalemic periodic 
paralysis has an increased sodium 
permeability. Increased sodium per- 
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meability has also been postulated in 
hypokalemic periodic paralysis.'2?8 
These findings add support to the hy- 
pothesis that mutations of ion chan- 
nel polypeptides are the cause of 
these diseases. A long-term increase 
in sodium influx would produce a 
chronically increased metabolic load, 
which might eventually induce long- 
term damage of the muscle fibers. 
Alternatively, an increase in calcium 
permeability, as Wrogemann and 
Pena” suggested in muscular dystro- 
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maintain electrical membrane integ- 
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creased cytoplasmic calcium levels, 
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evidence to support this suggestion, 
it might explain the progressive de- 
generative myopathy. 
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Patterns of Acquiring Parkinsonism-Dementia 


Complex on Guam 
1944 Through 1985 
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@ For 1944 through 1985, documented 
clinical descriptions compatible with a di- 
agnosis of parkinsonism-dementia com- 
plex were found in 363 Chamorros (includ- 
ing mixed Chamorros) and three Filipino 
immigrants who had lived on Guam before 
onset. Downward trends in age-adjusted 
incidence rates and upward trends in age 
at onset were seen for Chamorros of both 
sexes. Since 1980, new cases have oc- 
curred only among persons over 50 years 
of age, whereas a younger age at onset 
had been noted in the past. Evidence sug- 
gests that the length of the latent period 
varied widely (up to decades) and in- 
creased with time, the risk of acquiring 
parkinsonism-dementia complex had de- 
clined since the late 1950s, and the critical 
age of exposure to an unknown factor in 
the environment on Guam appears to have 
been during adolescence or adulthood. 

(Arch Neurol. 1990;47:1019-1024) 


arkinsonism-dementia complex 

(PDC) and amyotrophic lateral scle- 
rosis (ALS) on Guam seem to be place- 
related disorders that are acquired, 
exogenous, and environmentally in- 
duced.'"r355378438-448)17 Despite extensive 
epidemiologic research conducted 
since the early 1950s, the causes of the 
high incidence of PDC and ALS among 
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the Chamorros native to the island 
have yet to be identified. Although 
PDC and ALS have common recog- 
nized features and the two disorders 
are often considered together in scien- 
tific reports, we shall concentrate, 
herein, only on PDC. 

The “disappearance” of the high in- 
cidence of PDC during a 30-year period 
of surveillance has been reported.” 
This impression, however, was not 
confirmed in a 15-year prospective 
study of PDC reported recently.'* The 
changing risk with time of acquiring 
PDC on Guam should be reassessed. 

A few migrants to and from Guam 
who have developed PDC have been 
described in previous studies.5?%1115-1819 
New information concerning PDC 
among migrants may lead to useful 
estimates of exposure time and the la- 
tent period. When the presumed time 
of exposure is known, attention can 
then be focused on events occurring at 
that time to narrow the range of pos- 
sibly important causative factors in 
PDC. In this article, our purpose is to 
take into account the recently identi- 
fied cases and to present fresh evidence 
on the nature of PDC on Guam. 


MATERIALS AND METHODS 


In 1956, the then National Institute of 
Neurological Diseases and Blindness estab- 
lished a research center on Guam, in the 
Mariana Islands. This center included a 
case registry for both PDC and ALS, which 
was updated continually through 1982, 
when the Institute facility was closed. Case 
finding was initially based on extensive in- 
quiry within each village, including inter- 
mittent house-to-house surveys and an 
elaborate referral network of village and 
church officials, public health nurses, and 
physicians. The registry contained infor- 
mation on persons with neurologic signs 
and symptoms that could possibly reflect 
either PDC or ALS. Those persons, if alive, 
were examined by neurologists, and re- 
peated follow-up examinations were per- 


formed throughout the course of the dis-. 


ease. Relatives and friends of persons sus- 
pected to have either condition were also 
interviewed. 

Incorporated into this registry were 
cases already discovered by village surveys 
and other studies conducted during the pe- 
riod from 1948 through 1955. Also incorpo- 
rated were cases identified by review of 
death certificates and Guam hospital ad- 
mission records after 1944. 

For most of the period from 1956 through 
1982, the case finding for PDC was consid- 
ered to be comprehensive within Guam, be- 
cause of (1) the close familial and village 
relationships that permitted identification 
of suspected cases; (2) the structured regis- 
try, supplemented by surveys; and (3) the 
easy access to medical care. 

Since 1983, the registry has been main- 
tained by the Home Care Program, Depart- 


ment of Public Health and Social Services, | 


Government of Guam. Current and sus- 
pected cases of PDC, previously entered 
into the registry, were to be reviewed every 
6 months by a neurologist. Moreover, new 
cases continue to be identified for the reg- 
istry by local physicians and through spe- 
cial surveys, although case finding is prob- 
ably less complete than during the earlier 
period before 1983. 

Also included in the registry were cases 
of PDC in Chamorro migrants to California 
and Hawaii. Information about these cases 
was obtained from relatives on Guam, from 
returning migrants with the condition, and 


through referral from interested physi- ` 
information about ` 


cians. Additional 
Chamorro migrants came from two surveys 
of Guamanian households in California, 
conducted in 1957 and in 1967.510289 


Decennial population data for Guam, - 


from 1940 through 1980, were obtained 
from the US Bureau of the Census.” Pop- 
ulation data for the intercensal years were 
estimated with the use of simple linear in- 
terpolation. Where age adjustment was ap- 
propriate, the methods described by Kahn” 
were used. 


RESULTS 


For 1944 through 1985, we examined 
the available case abstracts and 
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4. Paucity of senile plaques 
5. Widespread astrocytic gliosis 
Definite clinical diagnosis (all of the following) 


records from the registry described 
above. Our file of cases was actually 
updated through 1987 to account for a 
possible lag of up to a few years be- 
tween the clinical onset of disease and 
the examination of patients. Diag- 
noses were reevaluated and classified 
according to the neuropathologic and 
clinical criteria given in Table 1. The 
cases considered herein pertain to per- 
sons who had lived all or part of their 
lives on Guam, either as natives or im- 
migrants. 

The registry contained 547 cases 
that potentially reflected PDC, includ- 
ing 366 cases of PDC considered patho- 
logically or clinically definite. A total 
of 174 cases were eliminated from this 
investigation because they were diag- 
nosed as clinically possible PDC (47 
cases), as idiopathic Parkinson’s dis- 
ease (eight cases), as Alzheimer’s dis- 
ease (12 cases), or as other disorders 
(107 cases). An additional seven cases 
of definite PDC were eliminated be- 
cause onset dates for the condition 
were unreported (five cases) or onset 
occurred on the northern Mariana Is- 
lands (two cases). 


Grouping 


The 366 persons with PDC, almost 
all of them Chamorros, were parti- 
tioned into the following groups: (1) 
group 1: Guam-born Chamorros who 
had always lived on Guam or had lived 
elsewhere for less than 2 years (total) 
before clinical onset, but onset oc- 
curred on Guam (n = 348); (2) group 2: 
Guam-born Chamorros who had lived 
outside the Mariana Islands for 2 or 
more years (total) before clinical on- 
set, but onset occurred on Guam 
(n=11); (3) group 3: Guam-born 
Chamorros who lived elsewhere at 
anytime and in whom clinical onset 
occurred outside the Mariana Islands 
(n = 9); and (4) group 4: Filipino im- 
migrants to Guam before clinical onset 
on Guam (n = 3). The Chamorros with 
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Table 1.—Diagnostic Categories for Parkinsonism-Dementia Complex 


Definite neuropathologic diagnosis (all of the following) 
1. Grossly visible generalized cerebral atrophy that cannot be explained as cerebral infarction 
2. Neuronal loss and neurofibrillary tangles in the substantia nigra, locus coeruleus, hippocampus, 
cerebral cortex (mainly frontal), and basal ganglia 
3. Depigmentation in the substantia nigra and locus coeruleus 


1. At least two of the following four signs: bradykinesia, rigidity, tremor, and postural reflex impair- 
ment, with bilateral involvement of at least two extremities or one extremity plus the face or trunk 
(eg, postural reflex impairment or truncal or axial dystonia) 

2. Progressive impairment of cognitive function in an alert person in the absence of specific condi- 
tions that could mimic this process; limited to those sufficiently impaired that they require assis- 
tance or supervision in activities previously performed independently (the need for supervision or 
assistance is because of a progressive impairment in cognitive function) 

3. Neuropathologic confirmation, if an autopsy is performed 

















PDC included 26 of mixed ethnic back- 
ground. 


PDC in Chamorros on Guam 
(Groups 1 and 2) 


Shown in Table 2 are the demo- 
graphic characteristics of Chamorros 
with onset of PDC on Guam. Of the 354 
Chamorros with PDC, 236 (67% ) were 
men and 118 (33% ) were women. There 
were minor differences in men vs 
women regarding median age at onset 
(56 vs 57 years), median age at death 
(61 vs 63 years), and median duration 
from onset to death (5.0 vs 5.2 years). 
As of December 31, 1985, a total of 330 
(93% ) of the 354 Chamorros had died, 
in 154 of whom the diagnosis of PDC 
was confirmed pathologically. The 
likelihood of misdiagnosis was low in 
persons on Guam who were clinically 
diagnosed as having PDC but for 
whom histopathologic examinations 
were not performed. 

In Table 3, the cases of PDC were 
grouped for each sex in 3-year periods 
by year of onset from 1944 through 
1985. There was a generally steady in- 
crease in the youngest age at onset 
from 24 years in 1959 through 1961 to 
51 years in 1983 through 1985 for men 
and from 31 years in 1956 through 1958 
to 50 years in 1983 through 1985 for 
women. By contrast, the latest year of 
birth during the same periods showed 
no similar pattern. 

In Table 4, the cases of PDC are 
grouped as in Table 3. Average annual 
age-adjusted incidence rates, which 
were computed for the 3-year periods, 
peaked in the 1959 through 1964 period 
for men; the peak period for women 
occurred later, in 1971 through 1979. 
Both sexes showed generally decreas- 
ing trends in incidence rates following 
their respective peak periods. The 
trend for women, however, extended 
for just 6 years, to the end of the study 
period. Although we cannot rule out 
variations in the completeness of case 


Table 2.—Demographic 
Characteristics for Chamorros With 
Parkinsonism-Dementia Complex and 
Onset on Guam: 1944-1985 


Men Women Total 








No. of cases* 


Dead 223 107 330 


Alive 13 10 23 
Unavailable for 
follow-up 


1 1 


(0) 

Total 236 118 354 
Age at onset, y 

Median 56 57 57 

Range 24-79 31-78 24-79 
Age at death, y 

Median 61 63 62 

Range 35-87 35-83 35-87 
Median duration 

from onset to 

death, y* 
No. of cases with 

histopathologic 

confirmation 


* These values are as of December 31, 1985. The 
definitive diagnosis for some cases may actually have 
been made during the period from 1986 through 
1987. 

tThis total includes 10 persons with pathologically 
definite but not clinically definite parkinsonism-de- 
mentia complex. 


ascertainment to explain the drop in 
incidence rates, the substantial de- 
crease in recent years is most likely a 
reflection of a true decrease in the in- 
cidence of PDC in this population. 

In Table 5, average annual age-spe- 
cificincidence rates are given for men’s 
and women’s birth cohorts, grouped in 
5-year periods from 1886 through 1935. 
Men’s birth cohorts for the years 1901 
through 1905 and 1906 through 1910 
had the highest ratios of observed to 
expected number of cases. Similarly, 
the women’s birth cohort for 1901 
through 1905 had the highest ratio of 
observed to expected number of cases 
among all women’s birth cohorts con- 
sidered. On the other hand, for each 
sex, the birth cohort for the years 1931 
through 1935 showed a marked drop in 
the ratio of observed to expected num- 
ber of cases, compared with corre- 
sponding ratios for the preceding 5- 
year periods. By the end of 1987, no 
Chamorros born after 1935 on Guam 
had a diagnosis of PDC. 


PDC in Chamorro Migrants 
(Groups 2 and 3) 


In Table 6, a summary is presented 
of each Chamorro migrant who subse- 
quently developed PDC. Eleven new 
cases of PDC with onset during 1961 
through 1984 were observed among 
Chamorro migrants who had returned 
to Guam before onset (group 2). Nine 
new cases of PDC are known to have 
occurred during 1962 through 1982 
among Chamorros in the continental 
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United States (group 3), four of whom 
had developed PDC in California after 
having been there for 1 year or less. We 
excluded these individuals from the 
Figure and further discussions in the 
following sections because onset of the 
illness had probably occurred by the 
time they left Guam. Only one of these 
20 total cases of PDC had been re- 
ported previously.'*’ 


PDC in Foreign-Born Guam Residents 
(Group 4) 


Among foreign-born residents of 
Guam, only three Filipino men have 
been diagnosed as having PDC, as re- 
ported by other investigators." Refer 
to the Figure for information on years 
of birth, migration, and onset of PDC. 


PDC in Migrants to and From Guam 
(Groups 2 Through 4) 


The Figure gives horizontal time 
bars for persons who migrated either 
to or from Guam and who later devel- 
oped PDC. Each bar depicts that part 
of a life span of one person that begins 
with the birth year and ends with the 
year of disease onset. The shaded part 
of the bar represents the period(s) of 
residence on Guam. The vertical lines 
at 1949 and 1954 define what we believe 
to be the most recent period of high 
risk for acquiring PDC on Guam, as 
discussed below. 


COMMENT 


The available evidence suggests that 
PDC is acquired.'*'**>** Knowledge of 
the temporal patterns can be helpful in 
the evaluation of hypotheses as to the 
cause(s). In this section, we address 
the following topics: latent period for 
PDC, most recent period of high risk 
for acquiring PDC on Guan, critical 
age for acquiring PDC, and dose-re- 
sponse relationship in the cause of 
PDC. 


Latent Period for PDC 


The latent period for PDC (time be- 
tween acquisition and onset) follows 
from exposure to the causative 
agent(s), which presumably was in the 
environment on Guam. There has 
been disagreement concerning the 
length of the latent period,'*''!*"* but it 
appears to be widely variable (ie, from 
several years to decades). The concept 
of the latent period is supported by the 
observation that PDC among Cha- 
morro migrants has occurred after 
many years of absence from Guam. 
The upper limit of this period should 
be greater than the longest duration of 
residence outside of the Mariana Is- 
lands before onset (ie, 45 years), while 
the lower limit should be less than the 
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Table 3.—Age at Onset and Year of Birth for Chamorros With Parkinsonism-Dementia 
Complex and Onset on Guam: 1944-1985 


Year of 
Onset 


a 
Median 





Men 
1944-46 


1947-49 
1950-52 
1953-55 


39 37-41 
40 39-46 
53 46-64 


Age at Onset, y Year of Birth 


Range Median 
1905 
1909 
1901 





1956-58 


55 39-69 


1902 





1959-61 


24-70 1904.5 





1962-64 
1965-67 
1968-70 


34-71 1906 





45-67 
42-67 


1908 
1916 





1971-73 


42-70 1916 





1974-76 
1977-79 
1980-82 


43-77 
49-79 
51-73 


1912 
1915 
1921.5 





1983-85 
1944-85 


Women 
1944-46 


51-67 1927.5 





24-79 1909 








1947-49 





1950-52 
1953-55 
1956-58 
1959-61 
1962-64 
1965-67 


1912.5 
1906 
1906 


39-42 
31-60 
32-69 





39-76 1903.5 





50-63 1909 





1968-70 


38-68 1918 





1971-73 
1974-76 





1977-79 
1980-82 
1983-85 


42-67 
45-73 
45-78 
57-68 


1917.5 
1911.5 
1917 

1921.5 





50-50 1935 


ono... es 
Range 


1904-1907 


1903-1911 
1890-1907 
1889-1916 
1889-1934 
1892-1928 
1899-1919 
1903-1927 
1902-1930 
1897-1931 
1898-1929 
1907-1929 
1917-1933 
1889-1934 


1912-1913 
1895-1924 
1890-1927 
1886-1923 
1902-1914 
1901-1929 
1903-1929 
1900-1929 
1900-1931 
1912-1924 
1935-1935 





1944-85 


31-78 1913 


1886-1935 


Table 4.—Incidence and Corresponding Crude and Age-Adjusted Rates for Chamorros 
With Parkinsonism-Dementia Complex and Onset on Guam: 1944-1985 


Year of 
Onset 


1944-46 


No. of Cases 


Women 


Incidence Rates * 
Crude 


Age-Adjustedt 


Women 





ie} 





1947-49 


ie) 





1950-52 





1953-55 





1956-58 





1959-61 
1962-64 








1965-67 





1968-70 
1971-73 








1974-76 
1977-79 
1980-82 








1983-85 
1944-85 





*Values are average annual rates per 100000 inhabitants. 
+tRates were age-adjusted by a direct method to the 1960 Chamorro population on Guam. The following age 
categories were used: under 20 years, 20-34 years, 35-44 years, 45-54 years, 55-64 years, and 65 years and 


over. 
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Table 5.—Average Annual Age-Specific Incidence Rates per 100000 Inhabitants for 
Chamorros With Parkinsonism-Dementia Complex and Onset on Guam: 5-Year Birth 
Cohorts: 1886-1935 








Birth Cohorts 





ee.eegaOwreorwr. a 
Age at 1886- 1891- 1896- 1901- 1906- 1911- 1916- 1921- 1926- 1931- Overall 


Onset, y 1890 1895 1900 1905 1910 1915 1920 1925 1930 1935 Rates* 


Men 
20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
s 60-64 108 94 404 753 598 448 107 87 328 
65-69 
70-74 
75-79 
No. of cases 
Observed 3 5 23 43 54 39 34 18 14 3 236 
Expectedt +11 16 20 25 29 31 30 26 20 12 
Ratio 0.3 0.3 1.1 1.7 1.9 1.3 1.1 0.7 0.7 0.2 


Women 

20-24 
25-29 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
No. of cases 
Observed 2 3 5 22 20 20 14 17 13 2 118 
Expectedt 5 10 12 14 15 15 12 9 6 
Ratio 0.4 0.4 0.5 1.8 1.4 1.3 1.0 1.4 1.4 0.3 
+ - * Overall rates are average annual age- and sex-specific incidence rates per 100 000 inhabitants for the pe- 


È z riod from 1944 through 1985 for the Chamorro population of Guam. 
tValues were obtained by an indirect method” with use of the overall rates given above. 
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shortest duration of residence on 
Guam before onset for the Filipino 
immigrants (ie, 12 years). We assume 
that the Philippine Islands were free 
of PDC. Although there is no indica- 
tion that PDC has been prevalent in 
the Philippine Islands, we cannot rule 
out the possibility that it may have oc- 
curred in some regions. 

For the Chamorros with onset of 
PDC on Guam, the earliest age at on- 
set has increased remarkably since the 
late 1950s—from 24 to 51 years in men 
and from 31 to 50 years in women (Ta- 
ble 3). The year of birth for those per- 
sons with earliest age at onset, how- 
ever, showed no clear pattern of 
change. Evidently, latent periods for 
PDC have lengthened in recent de- 
cades. 


Most Recent Period of High Risk for 
Acquiring PDC on Guam 


No new cases of PDC on Guam have 
been diagnosed among Chamorros un- 
der 50 years of age in the 1980s (Table 
3). Furthermore, the downward trend 
in incidence rates (Table 4) and the low 
ratio of observed to expected number 
of cases in the 1931-1935 birth cohort 
compared with corresponding ratios of 
earlier birth cohorts (Table 5) suggest 
a real decline in the recent risk of de- 
veloping PDC. The finding of a few new 
cases, now or in the near future, does 
not necessarily mean that the risk of 
acquiring PDC is still present—the 
disappearance of that risk and the dis- 
appearance of the disorder would not 
have to occur simultaneously. The time 
lag depends on the latent period and its 
variability. In view of the increasing 
latent periods for PDC since the late 


UZZZZZZZZLL LILIA | VIE Horizontal time bars for migrants to or from 
(ZZZZLLLLLLL LLL | | VPP Guam who later developed parkinsonism-de- 
ULZZZZZPLZZZ LLL LALA | LLL mentia complex . Each bar depicts that part of 
(ZZZZZZZLLLL LLL | 272 a life span of one person that begins with the 


birth year and ends with the year of illness on- 


EZZZZZZZZIZZZZZZZZZZZZZZZZZZZIZZZ A M set. The shaded part of the bar represents the 
x PPLE EDAES ELL ELEL LOD 9 ICI CE EE period(s) of residence on Guam, and the ver- 
Eis ELZZZZZZZZZLLLLLLLL LACE |) tical lines set the putative boundaries of the 


most recent period of high risk for acquiring 
parkinsonism-dementia complex on Guam. 


eee eee See text for an explanation of groups. 
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1950s, we suspect that a critical expo- 
sure to the causative agent(s) might 
have happened before then and that 
this would apply to both the recent 
cases of PDC and the newly occurring 


years) for acquiring PDC by 1985. 
Concerning the Chamorro migrants 
who left Guam since 1918 and settled 
in the continental United States, PDC 
has occurred, to our knowledge, only 
among those who left before 1955, even 
though the migration in later years 
was far more extensive.”’?*> Among mi- 
grants who moved from Guam as 


adults in 1955 through 1970, time away 
from Guam should have been long 
enough for some of them to have de- 
veloped PDC by 1985. Unfortunately, 
the information on Chamorro mi- 


of high risk for acquiring PDC on 
Guam. In other words, those years can, 
perhaps, be regarded as the last period 
of meaningful exposure on Guam to 
the causative agent(s) for PDC. For 
persons first exposed to the Guam en- 
vironment after 1954, the likelihood of 
developing PDC would be markedly 
reduced compared with earlier years. 


The Figure depicts this 6-year period 
in relation to place of residence for the 
migrants. 


Critical Age for Acquiring PDC 


i ones. grants from Guam is incomplete. The It has long been accepted that the 
Among immigrants to Guam, only group that migrated to the continental key exposure to the causative agent(s) 
three have been found to have PDC. United States has not been surveyed tends to occur during childhood*!*"*"* 
These were Filipino men who arrived for about 20 years. All but one of our and that the change of environment 
in 1946, 1947, and 1949. No new casesof cases among that group were discov- from Guam to California does not pre- 
PDC have been identified among Fili- ered when migrants manifesting the vent PDC onset in Chamorros predis- 
pino men who moved to Guam after condition returned to Guam. posed to it.*"* 
1949, although the number of Filipino Exposure to the Guam environment The following evidence suggests 
men (and boys) residing on Guam has before or during the period from 1949- that exposure during childhood to the 
increased from about 350 in 1940, to through 1954 was a common featureof causative agent(s) for PDC alone may 
7000 in 1950, and to 9000 in 1970.5212 all persons diagnosed as having PDC, be insufficient to cause the condition: 
The durations of residence on Guam including Chamorros on Guam, Fili- 1. The Chamorros born on Guam af- 
for those immigrants who arrived as pino immigrants to Guam, and ter 1935 are not known to have devel- 
adults in 1950 through 1970 would have Chamorro migrants from Guam. We oped PDC by 1985. These Chamorros 
been greater than the minimal dura- speculate that the years 1949 through were still children (ie, under 14 years 
k tion between exposure and onset (12 1954 represent the most recent period of age) during the period from 1949 


through 1954 (see above). In 1985, they 
were under 50 years of age but much 
older than the youngest age at onset 
for PDC (24 years). That there have 
been no cases of PDC among Chamor- 
ros born on Guam after 1935 may be 
important, because many of those per- 
sons endured, as children, the food 
shortages during World War II, a pe- 


Table 6.—Summary of Chamorro Migrants With Parkinsonism-Dementia Complex and Onset on Guam (Group 2) or Onset Outside Guam 
(Group 3): 1944-1985 


Foreign Residences 
Before Onset 


Birth 


Time to PDC 


—_—_—— 


Last 


Follow-up Diagnosis 


Place Year Place* Period (Age, y) Place Year Age,y Year Age,y Clinical — logic 


1949-54 
1957-60 
1952-57 
1948-67 
1938-44 
1951-53 
1956-57 
1961-69 
1946-52 
1950-68 
1944-61 
1952-72 
1950-60 
1954-56 
1958-63 


Hawaii 
Umatac 

12 (24) Piti 

23 (22) Tumon 
37 (20) Tamuning 
27 (22) 
22 (27) 
17 (32) 
34 (24) 
30 (21) 
37 (22) 
30 (22) 
33 (21) 
30 (21) 
26 (25) 





Korea 
USAS 
USAS 
Korea 
California 
USAS 
USAS 
USAS 
USAS 
USAS 
USAS 
USAS 





21 (28) 
9 (40) 








Agana Heights 1978 
28 (30) Merizo 1980 
12 (39) Agana Heights 1980 
20 (39) Agat 1981 
10 (42) Agana Heights 1983 
23(31)  Talofofo 1983 
28 (23) 
21 (30) 





Agana 
7/M Agana 
8/M Umatac 
9/M Agana 
10/M Agana 
11/M Agana 











Barrigada 1984 





Group 3 

1/F Agana 1947-51 
1952-62 
1918-63 
1952-66 
1949-70 
1951-82 
1972-73 
1973-74 
1976-77 
1978-78 


15 (37) 
10 (42) 
45 (24) 
14 (26) 
21 (50) 
31 (19) 
1 (55) 
1 (65) 
1 (62) 
1 (65) 


11 (41) 
o (52) 
0 (70) 
0 (40) 
0 (71) 
o (50) 
o (55) 
O (66) 
o (63) 
o (65) 


California 
California 
California 
Hawaii 

California 
California 
California 
California 
California 
California 





California 
USAS 

California 
USAS 

California 
California 
California 
California 


2t/M¢ Guam 
3/M Mongmong 
4/F Asan 
5/M Dededo 
6/F Yona 
7/M Agana 
8/M Agana 
9/F Agana 
*USAS indicates US Armed Services. 


+Values represent year of death or age at death in these cases. 
Patient 2 in group 3 was described in previous reports. '®' 
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riod when the exposure to the caus- 
ative agent(s) for PDC might have 
been greatest.” Presumably, by 
the time members of that group had 
reached adolescence and adulthood, 
their exposure to those agents had 
ceased or was continuing at unimpor- 
tant levels. 

2. Among the 354 Chamorros with 
PDC onset on Guam, all were born be- 
fore 1936 and were alive in 1954, all 
spent their childhood and adolescent 
years on Guam, and all reached or ex- 
ceeded age 14 years by 1949; none spent 
only their childhood years on Guam 
before 1949. 

3. Although the age structure of the 
migrant population from Guam was 
not known exactly, the migrants in- 
cluded adults and children.*?’ To our 
knowledge, all Chamorro migrants 
who subsequently developed PDC were 
at least 19 years of age at the time of 
migration, and none spent only their 
childhood years (ie, under 14 years of 
age) on Guam. The change of environ- 
ment from Guam to other distant 
places during childhood may have de- 
creased the risk of PDC in persons 
predisposed to it. Kurtzke and 


1. Kurland LT, Mulder DW. Epidemiologic in- 
vestigations of amyotrophic lateral sclerosis, I: 
preliminary report on geographic distribution, 
with special reference to the Mariana Islands, in- 
cluding clinical and pathologic observations. Neu- 
rology. 1954;4:355-378, 438-448. 

2. Mulder DW, Kurland LT, Iriarte LLG. Neu- 
rologic diseases on the island of Guam. US Armed 
Forces Med J. 1954;5:1724-1739. 

3. Hirnao A, Kurland LT, Krooth RS, Lessell S. 
Parkinsonism-dementia complex, an endemic dis- 
ease on the island of Guam, I: clinical features. 
Brain. 1961;84:642-661. 

4. Hirano A, Malamud N, Kurland LT. Parkin- 
sonism-dementia complex, an endemic disease on 
the island of Guam, II: pathological features. 
Brain. 1961;84:662-679. 

5. Lessell S, Hirano A, Torres J, Kurland LT. 
Parkinsonism-dementia complex: epidemiologi- 
cal considerations in the Chamorros of the Mar- 
iana Islands and California. Arch Neurol. 1962; 
7:377-385. 

6. Elizan TS, Hirano A, Abrams BM, Need RL, 
Van Nuis C, Kurland LT. Amyotrophic lateral 
sclerosis and parkinsonism-dementia complex of 
Guam: neurological reevalauation. Arch Neurol. 
1966;14:356-368. 

7. Reed D, Plato C, Elizan T, Kurland LT. The 
amyotrophic lateral sclerosis/parkinsonism-de- 
mentia complex: a ten-year follow-up on Guam, I: 
epidemiologic studies. Am J Epidemiol. 
1966;83:54-73. 

8. Brody JA, Kurland LT. Amyotrophic lateral 
sclerosis and parkinsonism-dementia in Guam. 
In: Spillane JD, ed. Tropical Neurology. New 
York, NY: Oxford University Press; 1973:355-375. 

9. Stanhope JM, Brody JA, Morris CE. Epide- 
miologic features of amyotrophic lateral sclerosis 
and parkinsonism-dementia in Guam, Mariana 
Islands. Int J Epidemiol. 1972;1:199-210. 

10. Brody JA, Stanhope JM, Kurland LT. Pat- 
terns of amyotrophic lateral sclerosis and par- 
kinsonism-dementia on Guam. In: Hornabrook 
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Hyllested” noted a similar pattern for 
multiple sclerosis. 

4. For the three cases of PDC among 
Filipino immigrants to Guam, the age 
at arrival on that island ranged from 
30 to 38 years, indicating that exposure 
only during adulthood can lead to PDC. 
(We assumed that there had been no 
exposure before arrival on Guam.) 


Dose-Response Relationship in the 
Cause of PDC 


The declining incidence of PDC, 
combined with lengthening latent pe- 
riods, could perhaps be explained as a 
dose-response relationship regarding 
exposure to the causative agent(s). In- 
adequate exposure (either dose or 
time) might be one reason why persons 
developed PDC later rather than ear- 
lier in life; another reason might be 
lesser susceptibility. These phenom- 
ena could also account for cases that 
may occur in the future, after a longer 
latent period. 


CONCLUSIONS 


In this article, we have made some 
observations on the nature of PDC on 
Guam. Although the data for this re- 
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Nimodipine should be used during pregnancy only if the potential benefit justifies the potential 
tisk to the fetus. 

Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk 
at concentrations much higher than in maternal plasma. It is not known whether the drug is 
excreted in human milk. Because many drugs are excreted in human milk, nursing mothers are 
advised not to breast feed their babies when taking the drug. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage 
(11.2%) who were given nimodipine. The most frequently reported adverse experience was 
decreased blood pressure in 4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated 
patients also reported adverse experiences. The events reported with a frequency greater than 1% 
are displayed below by dose. 





DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg 

Sign/Symptom (n=82) (n=71) (n=494) (n=172) (n=4) (n= 479) 
Decreased 

Blood Pressure 1 (1.2) 0 19 (3.8) 14(8.1) 2 (50.0) 6 (1.2) 
Abnormal Liver 

Function Test 1 (1.2) 0 2 (0.4) 1(0.6) 0 7(1.5) 
Edema 0 0 2 (0.4) 2(12) 0 3 (0.6) 
Diarrhea 0 3 (4.2) 0 3(1.7) 0 3 (0.6) 
Rash 2 (2.4) 0 3 (0.6) 2(12) 0 3 (0.6) 
Headache 0 1 (1.4) 6 (1.2) 0 0 1 (0.2) 
Gastrointestinal 

Symptoms 2 (2.4) 0 0 2(1.2) © 0 
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DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg 

Sign/Symptom (n=82) (n=71) (n=494) (n=172) (n=4) (n= 479) 
Nausea 1 (1.2) 1 (1.4) 6 (1.2) 1(0.6) 0 0 
Dyspnea 1 (1.2) 0 0 0 0 
EKG 

Abnormalities 0 1 (1.4) 0 1(0.6) 0 0 
Tachycardia 0 1 (1.4) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1(0.6) 0 0 
Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 1(0.6) 0 0 
Acne 0 1 (1.4) 0 0 0 0 
Depression 0 1 (1.4) 0 0 0 0 


There were no other adverse experiences reported by the patients who were given 0.35 mg/kg 
qth, 30 mg g4h or 120 mg qth. Adverse experiences with an incidence rate of less than 1% in the 
60 mg q4h dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; 
anemia; palpitations; vomiting; flushing; diaphoresis; wheezing; phenytoin toxicity; lighthea- 
dedness; dizziness; rebound vasospasm; jaundice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg q4h dose group were: 
itching; gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; disseminated 
intravascular coagulation; deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on 
increased incidence with higher dose or a higher rate compared to placebo control, included 
decreased blood pressure, edema and headaches which are known pharmacologic actions of 
calcium channel biden. It must be noted, however, that SAH is frequently accompanied by 
alterations in consciousness which lead to an under reporting of adverse experiences. Patients 
who received nimodipine in clinical trials for other indications reported flushing (2.1%), 
headache (4.1%) and fluid retention (0.3%), typical responses to calcium channel blockers. Asa 
calcium channel blocker, nimodipine may have the potential to exacerbate heart failure in 
susceptible patients or to interfere with A-V conduction, but these events were not observed. 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohy- 
drate metabolism have been causally associated with oral nimodipine. Isolated cases of non-fast- 
ing elevated serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet counts 
(0.3%), elevated alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) have been 


reported rarely. 


OVERDOSAGE 

There have been no reports of overdosage from the oral administration of Nimotop®. Symp- 
toms of overdosage would be expected to be related to cardiovascular effects such as excessive 
peripheral vasodilation with marked systemic hypotension. Clinically significant hypotension 
due to Nimotop® overdosage may require active cardiovascular support. Norepinephrine or 
dopamine may be helpful in restoring blood pressure. Since Nimotop® is highly protein-bound, 
dialysis is not likely to be of benefit. 


DOSAGE AND ADMINISTRATION 

Nimotop® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subarach- 
noid hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days. Oral 
Nimotop® therapy should commence within 96 hours of the subarachnoid hemorrhage. 

If the capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is unconscious, 
a hole should be made in both ends of the capsule with an 18 gauge needle, and the contents of the 
capsule extracted into a syringe. The contents should then be emptied into the patient's in situ 
naso-gastric tube and washed down the tube with 30 mL of normal saline (0.9%). 

Patients with hepatic failure have substantially reduced clearance and approximately doubled 
Cm Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood pressure 
and heart rate. 
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Intracerebroventricular Bethanechol 
for Alzheimer’s Disease 


Variable Dose-Related Responses 


Stephen L. Read, MD; John Frazee, MD; Jill Shapira, RN, MN; 
Cheryll Smith, PhD; Jeffrey L. Cummings, MD; Uwamie Tomiyasu, MD 


@ Five male patients participated in a 
pilot open-label study of dose-related as- 
pects of response to intracerebroventric- 
ular bethanechol in Alzheimer’s disease. 
No patient had remission of symptoms, but 
three patients improved symptomatically 
and on tests of memory. Improvement was 
evident over a restricted range of doses 
for each subject, and symptoms were 
worse at doses below and above the opti- 
mal range. There was little overlap in the 
range of doses producing improvement 
among these three. Two patients had no 
consistent improvement in memory, and 


_ agitation, depression, paranoia, and sei- 


zures developed during treatment. Quali- 
tative differences and variability in dos- 
ages producing responses complicate the 
identification of true drug response in the 
treatment of Alzheimer’s disease. 

(Arch Neurol. 1990;47:1025-1030) 


here is no effective treatment for 

Alzheimer’s disease (AD), the most 
common cause of progressive de- 
mentia.! Attempts to treat AD with 
cholinergic agents are supported by 
the following”: (1) blockade of central 
muscarinic receptors obstructs learn- 
ing and memory in animals‘ and man’; 
and (2) deficits in cortical acetylcho- 
line activity have been defined both in 
autopsy’ and in biopsy tissue? from 
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patients with AD. There are three 
types of agents available that can po- 
tentially stimulate cortical acetylcho- 
line activity: precursors to acetylcho- 
line synthesis, inhibitors of synaptic 
acetylcholinesterase, and direct 
cholinergic agonists.’ With few excep- 
tions, response to these agents has 
been disappointing, but probably no 
single study design can account for the 
complicated disease’? and pharmaco- 
logic variables presented by AD." 

In 1984, Harbaugh et al” reported 
constant infusion of the muscarinic 
agonist bethanechol chloride into the 
cerebroventricular system of four pa- 
tients with AD, a technique that al- 
lows control of many of the pharmaco- 
logic variables that complicate the as- 
sessment of response to cholinergic 
drugs in AD as well as assuring diag- 
nostic accuracy, a serious concern in 
the absence of a reliably confirmatory 
laboratory test." Care givers described 
improvement in these patients with 
intracerebroventricular (ICV) be- 
thanechol, but no neuropsychological 
correlates of response were reported. 
Subsequent reports'** have cautiously 
supported an impression of small im- 
provements in some patients with AD 
undergoing ICV bethanechol therapy. 
In this open dose-response study, we 
found high variability in the charac- 
teristics and dose levels of response, 
suggesting that grouped results from 
fixed-dose crossover studies may un- 
derestimate the efficacy of ICV be- 
thanechol in AD. 


PATIENTS AND METHODS 
Study Design 


The original study was designed to define 
response to variable doses and provide con- 
firmation of overall dose effect, allowing for 
variability among patient responses. An 


“iterative battery” of neuropsychological 
tests was chosen for suitability of repeated 
administration. Performance with re- 
peated presurgical administrations was 
compared to performance with variable 
doses after surgery. To seek confirmation of 
the response to ICV bethanechol and to as- 
sess overall effect of ICV bethanechol treat- 
ment, a separate and more extensive “end- 
point battery” was scored before surgery 
and then repeated while maintaining the 
“best dose” defined in the dose-response 
phase. 

We established prospectively the follow- 
ing criteria for a positive overall response: 
(1) identification of a best dose, as defined 
below; (2) concomitant improvement at best 
dose on the end-point battery; (3) Clinical 
Dementia Rating Scale” (CDRS) improve- 
ment from 1.0 to 0.5 or 0.5 to 0; and (4) con- 
currence with the impression of response by 
an experienced clinician otherwise uncon- 
nected with the study (criteria deliberately 
not specified, but left to the judgment of the 
clinician). 

We had originally planned to study two 
successive cohorts of four patients each to 
estimate the effect of disease progression 
over the weeks the study would consume. 
This attempt to gain a measure of the effect 
of disease progression proved logistically 
unfeasible, however, and enrollment was 
closed when the rate of side effects called 
into question the ethics of proceeding when 
the variability demonstrated among five 
patients met the expectation of the pilot 
study. 


Subjects 


Five right-handed male veterans in good 
physical health who were living at home 
with a reliable spouse were examined by a 
psychiatrist (S.L.R.) and a neurologist 
(J.L.C.) for the presence of clinical features 
of mild to moderate AD.'* Collateral his- 
tory, laboratory testing, electrocardio- 
graphy, electroencephalography, roentgen- 
ographic computed tomography (CT) of the 
head, and records of previous medical and 
psychiatric treatment were obtained. All 
candidates met criteria for probable AD” 
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Table 1.—Candidate Characteristics * * 


Patient 
No./Age, y 


Durationt 


Family 
History 





11/8/5 


1/62 


No 





2/63 12/5/4 


Yes 











* MMS indicates Mini-Mental State?'; HDRS, Hamilton Depression Rating Scale”; and CDRS, Clinical Demen- 


tia Rating Scale.” 
tFirst symptoms/ diagnosis / retirement (in years). 


and primary degenerative dementia.” 

Each candidate, his wife, and any other 
available family members were informed of 
the risks and benefits foreseeable in the 
proposed study as reviewed and approved 
by our Institutional Review Board. They 
were specifically informed as to the open 
design, the plan for incremental dose 
changes, and the potential adverse conse- 
quences of neurosurgery. Participation in 
the study required the consent of both pa- 
tient and spouse. Five other candidates who 
met all screening and entry criteria de- 
clined to participate and continued normal 
clinical care. 

Subjects (Table 1) scored 14 to 27 on the 
Mini-Mental State (MMS)*' and were rated 
0.5 or 1.0 on the CDRS.” Two patients (No. 
3 and 5) had previously suffered from de- 
pression, but each episode had resolved 
with psychotherapy years before the onset 
of symptoms of dementia. None had depres- 
sion at entry, and all had low scores on the 
21-item Hamilton Depression Rating 
Scale.” 


Evaluations 


The iterative battery was scored on five 
visits before surgery and then weekly 
through the end of the dose-response phase. 
The principal tool of the iterative battery 
was the multimodal memory test of Randt 
et al” (RMT), which comes in five forms of 
equivalent difficulty; these were adminis- 
tered in repeated succession over the course 
of the study. The MMS, Trail-making test, 
part A,” and 1-minute word fluency in four 
successive categories* were also assessed. 
Formal psychiatric and behavioral rating 
scales were not utilized, but spouses were 
given a brief list of activities of daily living, 
mood, and behavior items to prompt daily 
observations of the patients’ course, which 
was derived from previous studies? and 
consideration of known cholinergic drug 
effects. These observations, which in- 
cluded identifying sadness, irritability, fo- 
cus, and anxiety, were reviewed at each 
visit. Vital signs, interval physical symp- 
toms, and the overall impressions of spouse 
and physician (S.L.R.) were also recorded. 

An end-point battery was administered 
over two to four sessions before surgery and 
subsequent to the dose-response phase. 
Clinical measures included the CDRS and 
Hamilton Depression Rating Scale. Neu- 
ropsychological measures included the 
Wechsler Adult Intelligence Scale, 
Revised,” Boston Naming Test, and 
Wechsler Memory Scale (WMS).” Although 
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perhaps more familiar measures of cogni- 
tive functioning, these instruments are 
poorly suited to a dose-response paradigm 
because of their length and because re- 
peated administration could produce learn- 
ing effects. 


Surgery 


Right frontal craniotomy and biopsy of 
prefrontal cortex were performed by stan- 
dard technique”; anesthesia consisted of 
intravenous diazepam and local lidocaine 
(without epinephrine). Biopsy tissue was 
divided for histologic, eleetron-micro- 
scopic, and neurochemical analyses. Gen- 
eral anesthesia was then administered and 
the patient redraped. A silicon catheter was 
placed into the ventricular system, ensur- 
ing free return of clear cerebrospinal fluid. 
A constant infusion pump (Infusaid 4000, 
Shiley-Infusaid, Norwich, Mass) was filled 
with sterile, nonbacteriostatic normal sa- 
line, placed in a subcutaneous pocket in the 
right upper quadrant of the abdomen, and 
connected subcutaneously to the intraven- 
tricular catheter. Normal saline was in- 
stilled through the period of hospital and 
home convalescence. 


Dose-Response Phase 


Following surgery, each patient resumed 
weekly outpatient clinic visits. Drug admin- 
istration was started on recovery from sur- 
gery, ie, when stability was achieved on the 
clinical and psychometric scales of the iter- 
ative test battery. The concentration of 
drug was adjusted weekly by emptying and 
refilling the pump reservoir using standard 
techniques. Initial drug concentration was 
0.025 mg/mL. The daily dose of the previous 
interval was calculated by multiplying the 
concentration instilled by the number of 
milliliters infused and dividing by the num- 
ber of intervening days. Actual drug dose 
varied among the patients because of vari- 
able rates of pump flow, but the flow rate for 
each patient proved to be quite constant 
over the course of the study. 

Best dose was sought as follows. Drug 
concentration (and therefore instilled daily 
dose) was increased at each weekly visit 
until performance on the iterative battery 
declined for 3 weeks in a row. Dose was then 
decreased incrementally and adjusted until 
performance improved again. The dose with 
best overall performance, taking into ac- 
count both neuropsychological test perfor- 
mance and clinical impression, was defined 
as the best dose. Dose increase was also re- 


versed if unmanageable side effects in- 
truded. 


Continuation Phase 


Following the end-point evaluations, the 
patient (in consultation with wife and study 
staff) could elect to continue ICV bethane- 
chol therapy at the best dose or to discon- 
tinue drug infusion. Continuing patients 
were seen approximately monthly; the iter- 
ative battery was scored and the pump re- 
filled, with dose adjusted per clinical situa- 
tion. Noncontinuing patients were seen as 
indicated clinically. 


RESULTS 
Baseline and Surgery 


There was no change in overall clin- 
ical function as rated by spouse and 
clinician over the 5 weeks before sur- 
gery. Duration of surgery was 105 to 
180 minutes for the two-stage proce- 
dure. All patients tolerated craniot- 
omy and biopsy without general anes- 
thesia. Biopsy specimens were stained 
with hematoxylin-eosin, Bielschow- 
sky’s silver, and Congo red; all were 
consistent with pathologic criteria for 
AD.” Postoperative CT scan con- 
firmed placement of the cannula in the 
ventricular system in all. The catheter 
tip rested in the third ventricle in pa- 
tient 3 and crossed the septum to about 
left-hemisphere tissue in patients 1, 2, 
and 4. 

Postsurgical course was unremark- 
able in three patients (No. 2, 3, and 4). 
In patient 1, Staphylococcus epidermi- 
dis meningitis developed before initia- 
tion of ICV bethanechol therapy. The 
infection was cleared with oral ri- 
fampin and intrathecal vancomycin 
hydrochloride delivered through the 
intraventricular cannula. 

In patient 5, focal seizures and 
monoparesis of the left arm developed 
immediately postoperatively, and he 
was shown to have a right intracere- 
bral hemorrhage by CT. Seizures were 
controlled with phenobarbital sodium 
after phenytoin sodium hypersensitiv- 
ity emerged. Initiation of ICV be- 
thanechol therapy was delayed until 
clearing of blood and edema on CT and 
relative stabilization of cognitive func- 
tion, although the patient continued in 
physical and speech therapy through 
the dose-response phase of the study. 
He eventually recovered 70% of motor 
function in the affected limb. 


Drug Response 


Figures 1 to 5 chart the relationship 
of drug dose to scores on the RMT and 
MMS for patients 1 to 5, respectively; 
short descriptions of the course are 
also provided. Scores on Trails A and 
Word List were not amenable to anal- 
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Fig 1.—Patient 1 continued to receive saline infusion for 8 weeks while 
receiving oral and intrathecal antibiotics for meningitis. With intracere- 
broventricular bethanechol chloride, improvement in memory and aware- 
ness were noted in week 5, but he became increasingly dysphoric and 
agitated. Phenytoin was added in week 6 after a generalized seizure. 
Further bethanechol dose increases (histogram) produced morbid ide- 
ation, anxiety, and severe depression. Affective symptoms decreased 
with dose decreases, but no window of improved cognition could be de- 
fined. RMT indicates Randt multimodal memory test? (solid lines); MMS, 
Mini-Mental State?' (broken lines); and B, baseline. 


Fig 3.—Patient 3, the least cognitively impaired at entry, had the best- 
defined improvement. Through week 10, he had greater initiative at 
household responsibilities, generally paralleled by higher Randt multi- 
modal memory test, (RMT) (solid lines) scores. Thinking slowed and 
performance tailed off at higher doses (histogram; weeks 11 to 13) but 
returned on dose reduction to his optimum of 0.9 mg/d of bethanechol 
chloride. MMS indicates Mini-Mental State*' (broken lines); B, baseline. 
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Fig 2.—Attention and coherence improved with each dose increment 
(histogram) until week 7 for patient 2, corresponding to improved scores 
on the Randt multimodal memory test’? (RMT) (solid lines). Further dose 
increases produced psychomotor slowing and lethargy; optimal function 
appeared on reduction to 0.35 mg/d of bethanechol chloride. Side ef- 
fects were limited to nausea following exercise during weeks 3 to 5. MMS 
indicates Mini-Mental State?' (broken lines); B, baseline. 
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ysis because of the high variability 
during the baseline phase for all sub- 
jects. 

No patient had an unequivocally 
positive response as demonstrated by a 
full stepwise improvement on the 
CDRS, but patients 2, 3, and 5 had rel- 
ative improvements at best doses of 
0.35, 0.9, and 0.2 mg/d, respectively; 
symptoms and test performances were 
worse at doses both higher and lower 
than the best dose. For dose increases, 
clinical changes were consistently re- 
ported on the fourth or fifth day by the 
patients’ wives, but changes were less 
distinct when going from higher to 
lower doses. At the lowest dose (0.025 
mg/d), the patients had distractibility 
and mild disinhibition. Doses above 
the best dose resulted in long response 
latency, decreased initiative, and leth- 
argy. Neuropsychological perfor- 
mance reflected the early improve- 
ment but tended to remain elevated 
past the best dose, when the patient’s 
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observed function was deteriorating 
because of slowed thinking and de- 
creased spontaneity. Incremental 
changes were less clear-cut when going 
from a higher to a lower dose than vice 
versa. 

Comparison of test scores (Table 2) 
during presurgical baseline and with 
best dose supports the impression of 
improvement in patients 2 and 3. Pa- 
tient 2improved on the Boston Naming 
Test (8 points), RMT (11.2 points), and 
the WMS (8 points). Patient 3 showed 
a similar pattern, improving by 9 
points on the WMS and by 11.8 points 
on the RMT. Assessment on other in- 
struments showed little change. The 
magnitude of the increase on the WMS 
approximates the SD observed in a 
group of age-matched normal subjects 
(W. van Gorp, PhD, unpublished data, 
1986), and on the RMT the increase 
approximated the size of their own SD. 

The end-point battery scores con- 
firm the lack of overall improvement 


for patient 5 on this protocol, but he is 
tentatively classed a drug responder 
for several reasons. Although it is im- 
possible to separate initial improve- 
ment during ICV bethanechol therapy 
from continuing poststroke recovery 
in patient 5, there was relative deteri- 
oration at doses higher than 0.2 mg/d 
reversed by return to this dose level. 
Increments were small, but these ob- 
servations were corrobated by aspeech 
pathologist blind to the dose restric- 
tions (Daniel Kempler, PhD, oral com- 
munication, August 1986), and overall 
the course satisfied our definition of a 
best dose. The static scores may also 
provide indirect support for drug re- 
sponse, because deterioration would 
have been more expectable in a patient 
with definite AD who had suffered in- 
tracerebral hemorrhage. 

In patients 1 and 4, the response to 
drug was dominated by distress, rest- 
lessness, agitation, and depression. 
These symptoms worsened with each 
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Dose, mg/d 


Fig 4.—At low doses (histogram), patient 4 went from fey indifference 
to a critical and demanding personality more characteristic of his pre- 
morbid self. However, by week 4 of intracerebroventricular bethanechol 
chloride therapy, irritability developed, he hoarded pens and money, and 
he became suspicious, anxious, and depressed. Following a generalized 
seizure in week 5, he was given phenobarbital sodium when phenytoin 
sodium appeared to aggravate his cognitive decrement. Memory perfor- 
mance deteriorated monotonically. RMT indicates Randt multimodal 
memory test” (solid lines); MMS, Mini-Mental State?’ (broken lines); and 


B, baseline. 


Dose,m g/d 











Table 2.—Baseline (BL) vs Best Dose (BD) * 


Patient 2 


WMS 


Patient 3 Patient 5 











WAIS-R 
Verbal 


Performance 
Full-scale 
RMT 

















* BNT indicates Boston Naming Test”*; WMS, Wechsler Memory Scale’; WAIS-R, Wechsler Adult Intelligence 
Scale, Revised’’; RMT, Randt multimodal memory test; and MMS, Mini-Mental State.2’ For RMT and MMS, 
scores are the mean of five successive administrations at BL before surgery or while receiving BD. 


dose increment. Improvement in mem- 
ory was anecdotal and transient. 


Continuation Phase 


Patients 2, 3, and 5 elected to con- 
tinue therapy at the optimal dose and 
were seen in outpatient clinic at 4- to 
6-week intervals as needed for pump 
refills. All three were clinically stable 
until approximately 10 months from 
surgery, when renewed symptoms of a 
decline in cognitive function appeared. 
Symptom changes with dose variation, 
including periods of drug withdrawal, 
continue to suggest benefit from ICV 
bethanechol in each. Despite contin- 
ued progression, all three continued 
living at home more than 3 years post- 
surgery, although progression in cog- 
nitive dysfunction and deterioration in 
self-care have continued. 

Following discussions with patients 
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1 and 4 and their respective families, 
pump, tubing, and cannula were re- 
moved without complication. Neither 
regained his former level of behavior, 
cognition, or activities of daily living, 
and both were placed in nursing 
homes. 


COMMENT 


Response to ICV bethanechol among 
these five patients with AD varied in 
quality, timing, and degree, although 
they were quite similar on conven- 
tional disease and demographic vari- 
ables. For three patients the response 
was sufficiently encouraging to war- 
rant continued drug infusion, but at 
quite distinct doses. Depression and 
agitation dominated the clinical pic- 
ture in two patients. Two major surgi- 
cal complications occurred but did not 
appear to account for the variability in 





Fig 5.—On recovery from his acute stroke syndrome, the condition of 
patient 5 stabilized with left upper extremity monoparesis, sudden cry- 
ing spells, and impaired verbal fluency compared with his preoperative 
condition. Intracerebroventricular bethanechol chloride therapy was be- 
gun on week 8 following surgery, with small improvements in alertness, 
fluency, and memory at low dose (histogram). Above 0.2 mg/d, lethargy 
and worsening verbal functioning ensued, but relative improvement was 
again noted on return to lower dose ranges. RMT indicates Randt mul- 
timodal memory test? (solid lines); MMS, Mini-Mental State?’ (broken 
lines); and B, baseline. 


response to drug infusion. 

For each of the three putative re- 
sponders, improvement occurred over 
a relatively narrow range of doses, 
with little overlap in the range of ben- 
eficial doses from patient to patient. In 
particular, any of the three could have 
been judged a nonresponder if he had 
received only a single dose between 0.2 
and 0.4 mg/d, the range chosen in the 
multicenter single-dose crossover 
study. During the dose-response 
phase, memory as measured by the 
RMT declined slightly from baseline at 
the lowest dose and then rose gradu- 
ally before declining again at high 
doses. Improved performance was re- 
stored on returning to the intermedi- 
ate dose range, allowing determina- 
tion of a best dose. The drug effect did 
not produce overall benefit in patient 5, 
who suffered stroke, but in patients 2 
and 3, memory performance was con- 
sistently improved over baseline both 
on repeated RMT administrations and 
on the WMS at end point. The effect 
was not trivial and was endorsed by 
casual observers unconnected with the 
formal study as well as the investiga- 
tors. 

These data must be interpreted cau- 
tiously because of the unblinded design 
and small number of subjects. Subse- 
quent reevaluation of patients 2, 3, and 
4 in a single-blind dose-variation par- 
adigm, however, largely confirmed the 
character and dose relations of re- 
sponse as reported herein (A. 
Leuchter, MD, unpublished data, 
1989). These results, however, are not 
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uncharacteristic with other studies of 
cholinergic agents” and are consistent 
with the “inverted-U” relationship of 
dose and response seen in animal stud- 
ies of cholinergic drugs.” Dose finding 
with psychometric and clinical scale 
measures as described herein, how- 
ever, is wearing and time-consuming 
for patient and investigator. In addi- 
tion, each patient must experience at 
least relatively negative effects in de- 
fining the best dose, which can be dis- 
couraging or potentially hazardous. 
When available, a physiologic marker 
of response such as quantified electro- 
physiologic measures? might reduce 
both inexactitude and risk in this pro- 
cess. 

There are several methodologic dif- 
ferences that may explain previous 
failure to find high dose-response vari- 
ability with ICV bethanechol chloride. 
The current study used smaller dose 
increments and a memory test with 
greater sensitivity to change than the 
MMS and included less severely af- 
fected patients. If the therapeutic win- 
dow of effective doses is narrow, small 
dose intervals are necessary to identify 
efficacy. Dose increments of 0.35 mg/d, 
as used by Penn et al,'* would likely 
have identified only patient 2 as a 
responder; patient 5 had severe psych- 
omotor retardation at 0.35 mg/d, and 
the optimal dose for patient 3 fell mid- 
way between 0.7 and 1.05 mg/d, at 
which doses his performance was 
poorer. 

In our hands, the RMT was more 
sensitive to changes in learning ability 
than the MMS. Although the short 
subtests were well tolerated by the pa- 
tients, they proved sensitive to dose- 
related changes* and generally con- 
formed with symptomatic observa- 
tions. For both positive and negative 
responses, the least demented patients 
(Nos. 3 and 4) had the best-defined re- 
sponses to therapy. The clearest im- 
provement was in patient 3, whose 
MMS score at entry was 27 improving 
to 30, and whose best RMT score im- 
proved a full SD (into the “normal” 
range). Finally, the magnitude and 
time course of response may differ af- 
ter an interval of direct muscarinic 
agonist stimulation. In our initial 
dose-response phase, patients were na- 
ive to drug; changes were present but 
not as clear-cut in the dose-reduction 
phase and in those patients who had 
later repeats of dose variation. 

Elevations in depression rating 
scale scores have been noted with ICV 
bethanechol therapy,” but major de- 
pressive syndrome has not been re- 
ported previously. The depression that 
ensued in patients 1 and 4 was a seri- 
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ous complication not readily attribut- 
able to any factor other than bethane- 
chol infusion. Neither affected patient 
had a personal or family history of 
mood disorder before the development 
of dementia. Degree of dementia was 
not obviously related: patient 4 had 
mild cognitive impairment, while pa- 
tient 1 had more advanced dementia. 
Surgical factors do not account for the 
depression: patient 1 was not de- 
pressed following recovery from men- 
ingitis, and patient 4 had an uncom- 
plicated postoperative course. In these 
same two patients seizures developed, 
but psychiatric symptoms were evi- 
dent in each before any suggestion of 
seizure activity, continued to vary with 
dose of bethanechol after seizure con- 
trol, and abated to a more bland indif- 
ference when therapy was withdrawn. 
Observations from a seeond challenge 
with bethanechol in patient 4 support 
the impression that the depressive 
syndrome is directly related to ICV 
bethanechol administration.” 

Depression also developed in five of 
seven patients with probable AD tak- 
ing the cholinergic agonist oxotrem- 
orine,” and it has been suggested that 
persistent receptor stimulation by di- 
rect agonists is particularly related to 
the development of depression.” How- 
ever, this conclusion may be prema- 
ture given the paucity of studies of 
cholinergic drugs in humans: depres- 
sion has also been reported with phy- 
sostigmine in normal subjects.” and 
may be more related to cholinergic ac- 
tivity in specific subjects rather than 
to AD per se or the specific type of 
cholinergic agent. The basis for a se- 
lective vulnerability to depression 
with cholinergic stimulation is un- 
known but could be related to biologic 
diversity either in the syndrome we 
currently recognize as AD or in pre- 
morbid traits of the patients who be- 
come its victims. In this regard, we 
note that patient 4 was the only subject 
to express the high erythrocyte choline 
trait seen in a subset of patients with 
AD* (B. Miller, MD, written commu- 
nication, March 1986). Patient 4 also 
had frontal hypoperfusion on single 
photon emission in addition to the 
posterior biparietotemporal hypoper- 
fusion seen in patients 2 and 3, a pat- 
tern correlated with behavioral 
changes in a larger sample of patients 
with AD,* although the relationship of 
either to his developing depression is, 
of course, hypothetical. 

Major depressive syndromes have 
also been related to depleted cerebral 
norepinephrine. Degeneration of the 
nucleus locus coeruleus, the primary 
source of cerebral norepinephrine, has 


been described in some but not all pa- 
tients with AD,” and those with locus 
coeruleus involvement may be espe- 
cially vulnerable to depression devel- 
oping during the course of AD.“ Iso- 
lated augmentation of cholinergic sys- 
tems might be especially likely to 
precipitate depression in these pa- 
tients. Other as yet unknown factors 
may also be present. 

Variability in the rate of progres- 
sion complicates the assessment of the 
long-term effects of a proposed treat- 
ment modality for AD.**** Our impres- 
sion is that there remains continued 
benefit from ICV bethanechol in the 
three patients who showed initial re- 
sponse, although dose changes produce 
less consistent responses over time, 
and memory and cognition continue to 
worsen. For these five patients, short- 
term response predicted the course for 
3 years of follow-up: even the most im- 
paired patient at entry continues to 
live at home while receiving ICV be- 
thanechol, whereas the two in whom 
depression developed who discontin- 
ued treatment have essentially never 
returned home. It may be noted that 
all five candidates who declined to 
participate have been institutionalized 
or are deceased. 

The following conclusions are sug- 
gested by the observations reported 
herein. 

1. Detailed pilot studies of a small 
number of patients may help define the 
characteristics and magnitude of re- 
sponse to an experimental treatment. 
Such studies may be especially indi- 
cated before initiating a larger, statis- 
tically powerful study involving an in- 
vasive, potentially dangerous proce- 
dure. 

2. Neurosurgical approaches to AD 
can be well tolerated but carry a sig- 
nificant risk (which may, however, be 
reduced with more extensive experi- 
ence). Dissemination of such technol- 
ogy without well-validated studies is 
premature, but support of research 
centers may be a worthwhile invest- 
ment as drug delivery to the central 
nervous system remains problematic.” 

3. Including negative responders in 
aggregate response estimates tends to 
obscure genuinely beneficial re- 
sponses. 

4. Large intersubject variation in 
effective dose may greatly increase the 
risk of underestimating the magnitude 
of the therapeutic response in a group 
of subjects. Owing to the labor, ex- 
pense, and possibly increased risk of 
current dose-finding paradigms, how- 
ever, no clear choice concerning study 
design emerges, and the individuality 
of such dose-response curves is not 
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amenable to statistical analysis. 

5. The improvements in this study 
were not large, as is consistent with 
other studies of cholinergic agents in 
AD.**° Although a substantial sample 
size would be required to establish this 
result as statistically significant, the 
response was not, in our opinion, clin- 
ically insignificant. The possibility of 
modest but sustained benefit in a sub- 


1. Tomlinson BE, Blessed G, Roth M. Observa- 
tions on the brains of demented old people. 
J Neurol Sci. 1970;11:205-242. 

2. Coyle JT, Price DL, DeLong MR. Alzheimer’s 
disease: a disorder of cortical cholinergic inner- 
vation. Science. 1983;219:1184-1190. 

8. Bartus RT, Dean RL, Beer B, Lippa AS. The 
cholinergic hypothesis of geriatric memory dys- 
function. Science. 1982;217:408-417. 

4. Deutsch JA. The cholinergic synapse and the 
site of memory. Science. 1971;174:788-794. 

5. Drachman DA, Leavitt J. Human memory 
and the cholinergic system. Arch Neurol. 1974; 
30:113-121. 

6. Davies P, Maloney AJF. Selective loss of 
central cholinergic neurons in Alzheimer’s dis- 
ease. Lancet. 1976;2:1403. 

7. Perry EK, Perry RH, Blessed G, et al. 
Necropsy evidence of central cholinergic defects 
in senile dementia. Lancet. 1977;1:189. 

8. Francis PT, Palmer AM, Sims NR. et al. 
Neurochemical studies of early-onset Alzheimer’s 
disease. N Engl J Med. 1985;313:7-11. 

9. Smith CM, Swash M. Possible biochemical 
basis of memory disorder in Alzheimer’s disease. 
Ann Neurol. 1978;3:471-473. 

10. Friedland RP, moderator. Alzheimer’s dis- 
ease: clinical and biological heterogeneity. Ann 
Intern Med. 1988;109:298-311. 

11. Dysken M. A review of recent clinical trials 
in the treatment of Alzheimer’s dementia. Psy- 
chiatr Ann. 1987;17:178-191. 

12. Harbaugh RE, Roberts DW, Coombs DW, 
Saunders RL, Reeder TM. Preliminary report: in- 
tracranial cholinergic drug infusion in patients 
with Alzheimer’s disease. Neurosurgery. 1984; 
15:514-518. 

13. Harbaugh RE. Intracranial drug adminis- 
tration in Alzheimer’s disease. Psychopharmacol 
Bull. 1986;22:101-105. 

14. Penn RD, Martin EM, Wilson RS, Fox JH, 
Savoy SM Intraventricular bethanechol infusion 
for Alzheimer’s disease. Neurology. 1988;38:219- 
222. 

15. Gauthier S, Leblanc R, Robitaille Y, et al. 
Transmitter replacement therapy in Alzheimer’s 
disease using intracerebroventricular infusions 
of receptor agonists. Can J Neurol Sci. 1986; 
18:394-402. 

16. Harbaugh RE. Intracerebroventricular 
cholinergic drug administration in Alzheimer’s 
disease: preliminary results of a double blind 
study. J Neuwrontransm. 1987;24(suppl):271-277. 

17. Hughes CP, Berg L, Danziger WL, Coben 
LA, Martin RL. A new clinical scale for the stag- 
ing of dementia. Br J Psychiatry. 1982;140:566- 
572. 

18. Cummings JL, Benson DF. Dementia: A 
Clinical Approach. Stoneham, Mass: Butter- 
worths; 1983. 


1030 Arch Neurol—Vol 47, September 1990 


set of patients with AD should not be 
dismissed out of disappointment that 
benefit may not be demonstrated in 
every patient and is likely to fall short 
of complete recovery. 
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Controversies in Neurology 


A Continuing Controversy: Magnesium Sulfate 


in the Treatment of Eclamptic Seizures 


Peter W. Kaplan, MB, BS, MRCP; Ronald P..Lesser, MD; Robert S. Fisher, MD, PhD; 


John T. Repke, MD; Daniel F. Hanley, MD 


e would like to address some of the 

issues raised by Pritchard' and 
Lindheimer’ in their letters to the ed- 
itor. Pritchard outlines a plan of treat- 
ment for eclampsia that includes 
parenteral magnesium sulfate, intra- 
venous hydralazine, and the delivery 
of the baby; he is concerned that a 
proposal for a different treatment reg- 
imen for eclampsia would not be ap- 
proved by a human subjects committee 
given the apparently satisfactory re- 
sults of his treatment protocol. In his 
experience, magnesium sulfate “al- 
most always stops convulsions prompt- 
ly and prevents their recurrence,” and 
he comments on the effect of magne- 
sium sulfate: “some [believe] that it is 
not an anticonvulsant, presumably be- 
cause the arrest of the convulsions and 
the prevention of their recurrence does 
not induce generalized central nervous 
system depression in mother or fetus.” 
We wish to note, parenthetically, that 
an intrinsic property of anticonvul- 
sant medication is not the induction of 
“generalized central nervous system 
depression in mother or fetus”; this 
effect is not noted with phenytoin. 


PHENYTOIN IS AN EFFECTIVE 
TREATMENT 
FOR ECLAMPTIC SEIZURES 


Slater et al state: 


[The] ideal anticonvulsant for severe pre- 
eclampsia/eclampsia would be rapidly ef- 
fective, have a reliable and predictable du- 
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ration of action, have a wide safety margin, 
and be non-depressive and non-toxic to 
mother and baby. None of the drugs in 
use—diazepam, chlormethiazole in the UK 
and magnesium sulfate in the USA —fills all 
these criteria. 


In their study, patients with pree- 
clampsia or eclampsia were given in- 
travenous phenytoin at a dose of ap- 
proximately 15 mg/kg without alter- 
ation in consciousness or other major 
complications. Other therapeutic ef- 
fects have been noted by Moosa and El 
Zayat,* who treated 100 preeclamptic 
patients with phenytoin and found a 
normalization of blood pressure in all 
patients but 1, whereas one quarter of 
the control group failed to return to 
normotension. The control patients re- 
turned to normal blood pressure once 
phenytoin was added to their regimen. 
In addition, resolution of the leg edema 
was more marked in the phenytoin- 
treated group than in the control 
group. 

Further evidence exists supporting a 
beneficial effect of phenytoin on cere- 
bral blood flow and ischemia,’ cerebral 
edema,‘ and fluid balance and periph- 
eral edema,’ as noted by Moosa and El 
Zayat.’ A randomized clinical trial of 
magnesium sulfate vs phenytoin in 
preeclampsia® has provided prelimi- 
nary data showing that phenytoin is 
an alternative to magnesium sulfate 
with advantages that include (1) fewer 
side effects, (2) better patient accep- 
tance, (3) a lower incidence of hypo- 
tonic contractions, and (4) a shorter 
delivery interval. Ryan et al’ studied 97 
patients with severe preeclamptic tox- 
emia or eclampsia and determined 
that a regimen including hydralazine 
and phenytoin prevented the recur- 
rence of seizures. 


MAGNESIUM SULFATE IS NOT 
AN ANTICONVULSANT 


Pritchard! mentions a letter in the 
New England Journal of Medicine on 
the therapeutic use of magnesium sul- 
fate in selected cases of cerebral is- 
chemia and seizure that provides some 
theoretical basis for its effect by block- 
ing the N-methyl-D-aspartate chan- 
nel.'? Magnesium sulfate might then 
have an “anti-damage”" effect on is- 
chemic brain rather than an anticon- 
vulsant effect and in this way, perhaps, 
affect pathophysiological mechanisms 
underlying preeclampsia. 

As we stressed in the “Con- 
troversies.” it is when seizures super- 
vene that appropriate treatment for 
the seizure must be instituted. In the 
strict neurological understanding of 
the word, magnesium sulfate has no 
anticonvulsant properties. It could 
only be argued in a more general sense 
that, in preventing neuronal or vascu- 
lar damage (which has yet to be 
proved), magnesium sulfate might 
prevent secondary seizures. The use of 
the term anticonvulsant is not cor- 
rectly applied. There is a difference 
between the prevention of the patho- 
logical causes leading to neuronal 
damage and the prevention of subse- 
quent neuronal excitability that leads 
to a seizure. Similarly, therapy that 
prevents a stroke that may lead to 
subsequent seizures is not anticonvul- 
sant per se. Pritchard finds it 
“simplistic” that we should choose to 
treat seizures of different origins in 
the same way. However, a standard 
indication for anticonvulsants is the 
treatment of seizures proper, due to a 
number of diverse causes: head 
trauma, cerebral infarction, perinatal 
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anoxia, or idiopathic seizure disorders. 
As a rule, the use of anticonvulsant 
medication is not so much predicated 
by the cause of underlying damage as 
by the seizure type (focal, generalized, 
etc). 

Our laboratory studies using a stan- 
dard model for both absence and ton- 
ic-clonic seizures showed no benefit 
from parenteral magnesium sulfate,” 
whereas standard anticonvulsants are 
known to be effective. In man, we found 
that status epilepticus does not re- 
spond to high doses and high serum 
levels of magnesium sulfate.” 


THE SPECIALTY MANAGEMENT 
OF SEIZURES IN ECLAMPSIA 


Lindheimer’ states that “95% of the 
women with pre-eclampsia or eclamp- 
sia are managed by obstetricians, in- 
cluding those who are trained and cer- 
tified in the subspecialty of fetal-ma- 
ternal medicine” and that neurologists 
and internists are mainly consulted for 
“atypical cases.” He states that “it is 
the American College of Obstetricians 
and Gynecologists'*! and the various 
certifying boards that set standards 
of care for the profession, and mag- 
nesium sulfate is currently stan- 
dard treatment when a woman pre- 
sents with severe preeclampsia or 
eclampsia.” 

We disagree. Although 95% of 
women with preeclampsia or eclamp- 
sia are treated by obstetricians, rela- 
tively few of them are treated by phy- 
sicians with subspecialty certification 
in maternal and fetal medicine, given 
that there have only been 560 certifi- 
cates of special qualification issued by 
the American Board of Obstetrics and 
Gynecology as of December 1989. Fur- 
thermore, while it may be true that in 
a university setting, internists and 
neurologists are mainly consulted for 
atypical cases, this is not so in most 
hospitals in the United States. Where 
there are no physicians with special 
qualification in maternal and fetal 
medicine, general obstetricians fre- 
quently rely on internal medicine, neu- 
rology, hematology, and renal consul- 
tation for the treatment of patients 
with severe preeclampsia or eclamp- 
sia. With respect to the issue of stan- 
dard of care, we agree that patients 
with preeclampsia should be treated 
according to certain protocols. We 
would point out, however, that the 
American College of Obstetricians and 
Gynecologists clearly states in their 
Technical Bulletin on the management 
of preeclampsia that: 


This Technical Bulletin does not define a 
standard of care nor is it intended to dictate 
an exclusive course of management. It pre- 
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sents recognized methods and techniques of 
clinical practice for consideration by obste- 
trician/gynecologists for incorporation in- 
to their practices. Variations of practice 
taking into account the needs of the indi- 
vidual patient, resources, and limitations 
unique to the institution or type of practice 
may be appropriate." 


From the maternal-fetal medicine and 
obstetric standpoint, a standard of 
care simply dictates that preeclampsia 
be recognized, the management be tai- 
lored to optimize outcome for mother 
and fetus, and attempts be made to 
prevent progression to eclampsia. How 
this is to be achieved is not limited to 
a single method. 


RESEARCH 


Both Pritchard and Lindheimer note 
the absence of focused research in 
these areas. Some of these issues we 
have addressed above, but clearly more 
needs to be done. Pritchard agrees that 
one “could use a great variety of agents 
in moderation and get excellent 
results....I wouldn’t quarrel with 
anybody that said, ‘Well, I want to use 
Valium.’ In Great Britain, little or no 
magnesium sulfate is used and the re- 
sults have been quite good.” 


SUMMARY 


It would appear from the above that 
Pritchard" agrees with the use of some 
agents other than magnesium sulfate 
that have known anticonvulsant prop- 
erties. We believe that the subject at 
issue is whether magnesium sulfate 
should be used in treating the seizures 
of eclampsia. In our “Controversies” 
article, we do not address the issue of 
whether magnesium sulfate modifies 
pathophysiological factors leading to 
preeclampsia, but restrict ourselves to 
the treatment of the seizure per se, 
once seizures supervene, and the 
avoidance of their recurrence. 

The pathophysiological mechanisms 
and optimal treatment of preeclamp- 
sia and of eclampsia (excepting sei- 
zures) remain to be determined, as 
does the use of magnesium sulfate in 
this condition. Eclamptic seizures are 
clinically and electroencephalographi- 
cally indistinguishable from general- 
ized tonic-clonic seizures. Whether sei- 
zures arise in or out of the setting of 
preeclampsia, they should be treated 
as are other seizures, with known 
anticonvulsants. Controlled clinical 
trials are needed to address the effec- 
tiveness of alternative antiseizure 
regimens.” 
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A Continuing Controversy: 
Magnesium Sulfate in the 
Treatment of Eclamptic Seizures 


[gtters prompted by the initial con- 

troversy have sharpened the views 
of Kaplan et al and broadened their 
evidence. They argue that phenytoin is 
an effective anticonvulsant for eclamp- 
tic seizures and that magnesium sul- 
fate is not an anticonvulsant at all. 
Everybody agrees that we need more 
research and controlled clinical trials. 
In the meantime, magnesium sulfate’s 
preeminence must continue to be chal- 
lenged.— VLADIMIR HACHINSKI, MD, 
DSc (MED) 


Eclamptic Seizures—Kaplan et al 
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Tegretol® 


carbamazepine USP 
Chewable Tablets of 100 mg—red-speckled, pink 


WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI- 
ATION WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
TIONS |S 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION. HOWEVER: 
THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU- 
LATION IS LOW, APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL. DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME HOWEVER. THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI- 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND APLAS- 
TIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES 0B- 
SERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO SIGNAL 
THE OCCURRENCE OF EITHER ABNORMALITY NONETHELESS, COMPLETE PRE- 
TREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A BASELINE 
IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR DECREASED 
WHITE BLOOD CELL OR PLATELET COUNTS. THE PATIENT SHOULD BE 
MONITORED CLOSELY DISCONTINUATION OF THE DRUG SHOULD BE CON- 
SIDERED IF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
DEVELOPS 


Tablets of 200 mg—pink 































Before prescribing Tegretol, the physician should be thoroughly familiar with the 
details of this prescribing information, particularly regarding use with other drugs, 
especially those which accentuate toxicity potential. 

DESCRIPTION 

Tegretol. carbamazepine USP. is an anticonvulsant and specific analgesic for trigeminal 
neuralgia, available as chewable tablets of 100 mg and tablets of 200 mg for oral admin- 
istration. Its chemical name is 5H-dibenz|b.flazepine-5-carboxamide, and its structural 
formula is. 


N 
1 
CONH; 


Carbamazepine USP is a white to off-white powder. practically insoluble in water and 
soluble in alcohol and in acetone. Its molecular weight is 236.27 
Inactive Ingredients. Colloidal silicon dioxide, FD&C Red No. 3 (chewable tablets only), 
FD&C Red No. 40 (200-mg tablets only). flavoring (chewable tablets only). gelatin, glycer- 
in, magnesium stearate. sodium starch glycolate (chewable tablets only), starch. stearic 
acid. and sucrose (chewable tablets only) 
CLINICAL PHARMACOLOGY 
in controlled clinical trials. Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuralgia 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures. It appears to act by reducing polysynaptic responses and 
blocking the posttetanic potentiation. Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats. It depresses thalamic potential and 
bulbar and polysynaptic reflexes. including the linguomandibular reflex in cats. Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to contro! the pain of 
trigeminal neuralgia. The mechanism of action remains unknown 

Tegretol tablets are adequately absorbed after oral administration at a slower rate than a 
solution. thus avoiding undesirably high peak concentrations. Tegretol in blood is 76% 
bound to plasma proteins. Plasma levels of Tegretol are variable and may range from 
0.5-25 g/ml, with no apparent relationship to the daily intake of the drug. Usual adult 
therapeutic levels are between 4 and 12 ug/ml. Following oral administration. serum 
levels peak at 4 to 5 hours. The CSF/serum ratio is 0 22, similar to the 22% unbound 
Tegretol in serum. Because Tegretol may induce its own metabolism, the haif-life is also 
variable. Initial half-life values range from 25-65 hours. with 12-17 hours on repeated 
doses. Tegretol is metabolized in the liver After oral administration of '4C-carbamazepine. 
72% of the administered radioactivity was found in the urine and 28% in the feces. This 
urinary radioactivity was composed largely of hydroxylated and conjugated metabolites. 
with only 3% of unchanged Tegretol. Transplacental passage of Tegretol is rapid (30 to 60 
minutes). and the drug is accumulated in fetal tissues. with higher levels found in liver and 
kidney than in brain and lungs. 
INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated tor use as an anticonvulsant drug. Evidence supporting 
efficacy of Tegretol as an anticonvulsant was derived from active drug-controlled studies 
that enrolled patients with the following seizure types 
1. Partial seizures with complex symptomatology (psychomotor. temporal lobe). Patients 
with these seizures appear to show greater improvement than those with other types 
2 Generalized tonic-clonic seizures (grand mal) 
3 Mixed seizure patterns which include the above. or other partial or generalized 
seizures 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAU- 
TIONS, General) 
Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated with 
true trigeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug ıs not a simple analgesic and should not be used for the relief of trivial aches or 


pains 

CONTRAINDICATIONS 

Tegreto! should not be used in patients with a history of previous bone marrow depression. 
hypersensitivity to the drug, or known sensitivity to any of the tricyclic compounds. such 
as amitriptyline. desipramine. imipramine. protriptyline. nortriptyline. etc. Likewise. on 
theoretical grounds its use with monoamine oxidase inhibitors is not recommended 
Before administration of Tegretol, MAO inhibitors should be discontinued for a minimum 
of fourteen days. or longer if the clinical situation permits, 

WARNINGS 

Patients with a history of adverse hematologic reaction to any drug may be particularly at 
nsk. 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyell’s syndrome) 
and Stevens-Johnson syndrome, have been reported with Tegretol. These reactions have 
been extremely rare. However. a few fatalities have been reported 

Tegretol has shown mild anticholinergic activity: therefore. patients with increased 
intraocular pressure shouldbe closely observed during therapy. 

Because of the relationship of the drug to other tricyclic compounds, the possibility of 
activation of a latent psychosis and. in elderly patients, of confusion or agitation should be 
borne in mind 
PRECAUTIONS 
General: Before initiating therapy. a detailed history and physical examination should be 
made 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associated 
with increased trequency of generalized convulsions (see INDICATIONS AND USAGE) 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients with 
a history of cardiac, hepatic or renal damage. adverse hematologic reaction to other 
drugs, or interrupted courses of therapy with Tegretol 
Information for Patients: Patients should be made aware of the early toxic signs and 
symptoms of a potential hematologic problem. such as fever, sore throat, ulcers in the 
mouth, easy bruising. petechial or purpuric hemorrhage, and should be advised to report 
to the physician immediately if any such signs or symptoms appear. 

Since dizziness and drowsiness may occur. patients should be cautioned about the 

hazards of operating machinery or automobiles or engaging in other potentially dangerous 
tasks. 
Laboratory Tests: Complete pretreatment blood counts. including platelets and possibly 
reticulocytes and serum iron, should be obtained as a baseline. If a patient in the course of 
treatment exhibits low or decreased white blood cell or platelet counts, the patient should 
be monitored closely. Discontinuation of the drug should be considered if any evidence of 
significant bone marrow depression develops 

Baseline and periodic evaluations of liver function. particularly in patients with a history 
of liver disease, must be performed during treatment with this drug since liver damage 
may occur. The drug should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease 

Baseline and periodic eye examinations, including slit-lamp. funduscopy and tonome- 
try, are recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 

Baseline and periodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dystunction 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the efficacy 


and safety of anticonvulsants. This monitoring may be particularly useful in cases of 
dramatic increase in seizure frequency and for verification of compliance In addition. 
measurement of drug serum levels may aid in determining the cause of toxicity when more 
than one medication is being used 

Thyroid function tests have been reported to show decreased values with Tegretol 
administered alone 

Hyponatremia has been reported in association with Tegretol use. either alone or in 
combination with other drugs 
Drug Interactions: The simultaneous administration of ohenobarbital, phenytoin. or 
primidone. or a combination of two. produces a markec lowering of serum levels of 
Tegretol. The effect of valproic acid on Tegretol blood levels is not clearly established 

The half-lives of phenytoin. warfarin. doxycycline. and theophylline were significantly 
shortened when administered concurrently with Tegretol. Haloperidol and valproic acid 
serum levels may be reduced when these drugs are administered with Tegretol The doses 
of these drugs may therefore have to be increased when Tegretol is added to the 
therapeutic regimen 

Concomitant administration of Tegretol with erythromycin, cimetidine, propoxypnene. 
isoniazid or calcium channel blockers has been reported to result in elevated plasma levels 
of carbamazepine resulting in toxicity in some cases. Also. concomitant administration ot 
carbamazepine and lithium may increase the risk of neurotoxic side effects 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiving concomitant oral 
contraceptives and their reliability may be adversely affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carbamazepine. when admin- 
istered to Sprague-Dawiey rats for two years in the diet at doses of 25. 75. and 250 
mg/kg/day, resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of males 

Carbamazepine must, therefore, be considered to be carcinogenic in Sprague-Dawley 
rats. Bacterial and mammalian mutagenicity studies using carbamazepine produced 
Negative results. The significance of these findings relative to the use of carbamazepine in 
humans is, at présent, unknown 
Pregnancy Category C: Tegretol has been shown to have adverse effects in reproduction 
Studies in rats when given orally in dosages 10-25 nmes the maximum human daily dosage 
of 1200 mg. In rat teratology studies. 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomaiies (cleft palate. 1. talipes. 1 
anopnthalmos. 2) In reproduction studies in rats, nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternal desage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women Tegretol should 
be used during pregnancy only if the potential benefit justifies the potential risk to the 
fetus 

Retrospective case reviews Suggest that. compared with monotherapy. there may be a 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy Theretore. monotherapy is recommended for pregnant women 

Itis important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug ts administered to prevent major seizures because of the strong 
Possibility of precipitating status epilepticus with attendant hypoxia and threat to life In 
individual cases where the severity and trequency of the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient. discontinuation of the 
drug may be considered prior to and during pregnancy, although it cannot be said with any 
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confidence that even minor seizures do not pose some hazard to the developing embryo or 
fetus 
Labor and Delivery: The effect of Tegretol on human labor and delivery is unknown 
Nursing Mothers: During lactation. concentration of Tegretol in milk is approximately 60% 
of the maternal plasma concentration 

Because of the potential for serious adverse reactions in nursing infants from carbamaz- 
epine. a decision should be made whether to discontinue nursing or to discontinue the 
drug. taking into account the importance of the drug to the mother 
Pediatric Use: Safety and effectiveness in children below the age of 6 years have not been 
established 
ADVERSE REACTIONS 
If adverse reactions are of such severity that the drug must be discontinued. the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epileoticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING). the skin and the cardiovascular system 

The most frequently observed adverse reactions. particutarly during the initial phases of 
therapy, are dizziness. drowsiness, unsteadiness. nausea. and vomiting. To minimize the 
Possibility of such reactions. therapy should be initiated at me low dosage recommended 

The following additional adverse reactions have been reported 
Hemopoietic System: Aplastic anemia, agranulocytosis. pancytopenia. bone marrow 
depression. thrombocytopenia. leukopenia. leukocytosis. eosinophilia 
Skin- Pruritic and erythematous rashes, urticaria. toxic epidermal necrolysis (Lyells 
syndrome) (see WARNINGS). Stevens-Johnson syndrome isee WARNINGS), photosensi- 
tivity reactions. alterations in skin pigmentation. extoliative dermatitis, erythema multi- 
torme and nodosum. purpura. aggravation of disseminated lupus erythematosus. 
alopecia, and diaphoresis. In certan cases, discontinuation of therapy may be necessary 
Cardiovascular System Congestive heart failure. edema, aggravation of hypertension. 
hypotension. syncope and collapse, aggravation ot coronary artery disease, arrhythmias 
and AV block, primary thrombophlebitis. recurrence of thrombophlebitis. and adenopathy 
or lymphadenopathy. 

Some of these cardiovascular complications have resulted in fatalities Myocardial 
infarction has been associated with other tricyclic compounds 
Liver; Abnormalities in liver function tests. cholestatic and hepatocellular jaundice 
hepatitis 
Respiratory System. Pulmonary hypersensitivity characterized by fever. dyspnea. pneu- 
Monitis or pneumonia 
Genitourinary System Urinary frequency, acute urinary retention, oliguna with elevated 
blood pressure. azotemia. renal failure. and impotence Albuminuria, glycosuria. elevated 
BUN and microscopic deposits in the urine have also been reported 

Testicular atrophy occurred in rats receiving Tegretol orally from 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day Additionally, rats recerving Tegretol in the diet for two years 
at dosage levels of 25. 75. and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis In dogs. it produced a brownish discoloration. presum- 
ably a metabolite. in the urinary bladder at dosage levels of 50 mg/kg and higher 
Relevance of these findings to humans is unknown 
Nervous System Dizziness. drowsiness. disturbances of coordination, contusion. head- 
ache, fatigue. blurred vision, visual hallucinations. transient diplopia, oculomotor distur- 
bances, nystagmus, speech disturbances. abnormal involuntary movements. peripheral 
neuritis and paresthesias. depression with agitation. talkativeness. tinnitus. and hyper- 
acusis 

There have been reports of associated paralysis and other symptoms of cerebral arterial 
insufficiency. but the exact relationship of these reactions to the drug has not been 
established 
Digestive System Nausea. vomiting, gastric distress and abdominal pain. diarrhea. 
constipation. anorexia. and dryness of the mouth and pharynx. including glossitis and 
stomatitis 
Eyes. Scattered. punctate. cortical lens opacities, as weil as conjunctivitis have been 
reported Although a direct causal relationship has not been established. many pnenothia- 
zines and related drugs have been shown to cause eye Changes. 
Musculoskeletal System: Aching joints and muscles. and ieg cramps 
Metabolism: Fever and chills. Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported Cases of frank water intoxication, with decreased serum sodium 
(hyponatremia) and confusion. have been reported in association with Tegretol use (see 
PRECAUTIONS. Laboratory Tests) 
Other Isolated cases of a lupus erythematosus-like syndrome have been reported There 
have been occasional reports of elevated levels of cholesterol, HDL cholesterol and 
triglycerides in patients taking anticonvulsants 
DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol. nor ts there evidence of 
Psychological or physical dependence in humans 


OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose: adults, >60 g (39-year-old man) Highest known doses 
survived: adults, 30 g (31-year-old woman). children. 10 g (6-year-old boy), small 
children, 5 g (3-year-old girl) 

Oral LD59 in animals (mg/kg) mice, 1100-3750; rats, 3850-4025: rabbits, 1500-2680: 
guinea pigs. 920 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours Neuromuscular disturbances are the 
most prominent Cardiovascular disorders are generally milder. and severe cardiac com- 
plications occur only when very high deses (>60 g) have been ingested 
Respiration: Irregular breathing. respiratory depression 
Cardiovascular System Tachycardia, hypotension or hypertension. shock. conduction 
disorders 
Nervous System and Muscles. Impairment of consciousness ranging in severity to deep 
coma. Convulsions. especially in small children. Motor restlessness, muscular twitching, 
tremor, athetoid movements. opisthotonos, ataxia, drowsiness. dizziness, mydriasis, 
nystagmus. adiadochokinesia. ballism. psychomotor disturbances, dysmetria Initial 
hyperreflexia, followed by hyporeflexia 
Gastrointestinal Tract: Nausea. vomiting 
Kidneys and Bladder Anura or oguna. urinary retention ~ 
Laboratory Findings- Isolated instances of overdosage have included leukocytosis, re- 
duced leukocyte count, glycosuria and acetonuria EEG may show dysrhythmias . 
Combined Poisoning. When alcohol. tricyclic antidepressants. barbiturates or hydantoins 
are taken at the same time. the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or modified 
Treatment 
The prognosis in cases of severe poisoning is critically dependent upon prompt elimination 
of the drug. which may be achieved by inducing vomiting, irrigating the stomach, and by 
taking appropriate steps to diminish absorption If these measures cannot be implemented 
without risk on the spot, the patent should be transferred at once to a hospital, while 
ensuring that vital functions are safeguarded. There is no specific antidote 
Elimination of the Drug: induction of vomiting 

Gastric lavage Even when more than 4 hours have elapsed following ingestion of the ~ 


drug. the stomach should be repeatedly irrigated. especially if the patient has ang 2 
e 


consumed alcoho! 
Measures to Reduce Absorption Activated charcoal. laxatives 3 
Measures to Accelerate Elimination: Forced diuresis 

Dialysis ıs indicated only in severe porsoning associated with renal failure Replacement | 
transtusion ıs indicated in severe poisoning in small children 
Respiratory Depression. Keep the airways free; resort, if necessary. to endotracheal 
intubation, artificial respiration. and administration of oxygen 
Hypotension. Shock Keep the patient's legs raised and administer a plasma expander If 
blood pressure fails to nse despite measures taken to increase plasma volume. use of 
vasoactive substances shouid be considered 
Convulsions Diazepam or barbiturates 
Warning Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension. and coma However, barbiturates should not be used if drugs that 
inhibit Monoamine oxidase have also been taken by the patient either in overdosage or in 
recent therapy (within one week) 
Surveillance: Respiration. cardiac function (ECG monitoring). blood pressure. body tem- 
perature, pupillary reflexes. and kidney and bladder function should be monitored for 
several days 
Treatment of Blood Count Abnormalities: It evidence of significant bone marrow depres- 
sion develops. the tollowing recommendations are suggested (1) stop the drug, (2) per- 
form daily CBC. platelet and reticulocyte counts. (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery 

Special periodic studies might be helpful as follows (1) white cell and platelet anti- 
bodies, (2) 59Fe—ferrokinetic studies. (3) peripheral blood cell typing. (4) cytogenetic 
studies on marrow and peripheral blood, (5) bone marrow culture studies for colony- 
forming units, (6) hemoglobin electropnoresis tor Ap and F hemoglobin. and (7) serum 
folic acid and B12 levels 

A tully developed aplastic anemia will require appropriate. intensive monitoring and 
therapy, for which specialized consultation should be sought 
DOSAGE AND ADMINISTRATION 
Monitoring of blood levels has increased the etficacy and satety of anticonvulsants (see 
PRECAUTIONS, Laboratory Tests), Dosage should be adjusted to the needs of the individ-» 
ual patient. A low initial daily dosage with a gradual increase is advised. As soon as 
adequate control ıs achieved. the dosage may be reduced very gradually to the minimum. 
effective level. Tablets should be taken with meals 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—Initial 200 mg bı d Increase at weekly 
intervals by adding up to 200 ma per day using atid or g.-d regimen until the best 
response is obtained Dosage shculd generally not exceed 1000 mg daily in children 12 to 
15 years of age. and 1200 mg daily in patients above 15 years of age Doses up to 1600 mg 
daily have been used in adults in rare instances Maintenance: Adjust dosage to the 
minimum effective level. usually 800-1200 mg daily 
Children 6-12 years of age—Initial: 100 mgb ıd Increase at weekly intervals by adding 
100 mg per day usinga tı d. org. d regimen until the best response is obtained. Dosage 
should generally not exceed 1000 mg Maintenance: Adjust dosage to the minimum 
effective level. usually 400-800 mg daily 
Combination Therapy: Tegretol may be used alone or with other anticonvulsants. When 
added to existing anticonvulsant therapy, the drug should be added gradually while the 
other anticonvulsants are maintained or gradually decreased, except phenytoin. which 
may have to be increased (see PRECAUTIONS. Drug Interactions and Pregnancy Category 
C) 


Trigeminal Neuralgia (see INDICATIONS AND USAGE). 

Initial: 100 mg bı d-on the first day tor a total daily dose of 200 mg. This daily dose may 
be increased by up to 200 mg a cay using increments of 100 mg every 12 hours only as 
needed to achieve freedom from pain, Do not exceed 1200 mg daily 

Maintenance: Control of pain can be maintained in most patients with 400 mg to 800 mg 
daily However, some patients may be maintainea on as little as 200 mg daily. while others 
may require as much as 1200 mg daily. At least once every 3 months throughout the 
treatment period. attempts should be made to reduce the dose to the minimum effective _ 
level or even to discontinue the drug 

HOW SUPPLIED 

Chewable Tablets 100 mg—round. red-speckled. pink. single-scored (imprinted Tegretol 
on one side and 52 twice on the scored side) 


Bottles of 100 NDC 0028-0052-01 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 0028-0052-61 


Tablets 200 mg—capsule-shaped. pink, single-scored (imprinted Tegretol on one side 
and 27 twice on the scored side) 

Bottles of 100 

Bottles of 1000 
Gy-Pak*—One Unit 

12 bottles—100 tablets each 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 0028-0027-61 
Samples, when available. are identifiec by the word SAMPLE appearing on each tablet 
Protect from moisture 
Dispense in tight container (USP) 
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Cerebral Vasculopathy Associated With 


z : Primary Varicella Infection 


eae 
ae _in the cerebrospinal fluid suggested a 
: self-limiting course of the virus-induced 


> 


e A previously healthy 5-year-old boy 
developed cerebral vasculopathy, pre- 
senting as two episodes of acute hemi- 
paresis 3 and 9 months, respectively, after 
a primary varicella infection (chickenpox). 
This association has not been reported 
before, to our knowledge, although cere- 
bral vasculopathy is a well-known compli- 
cation of herpes zoster ophthalmicus. The 
diagnosis was based on the presence of 
oligoclonal varicella-specific IgG in the 
cerebrospinal fluid and angiographic find- 


__ ings. Clinical and angiographic follow-up, 


+ 


and serial thymidine kinase activity levels 


 vasċulopathy. Varicella zoster virus seems 
to be another potential causative agent to 
be considered in acute childhood hemiple- 
gia. 

(Arch Neurol. 1990;47:1033-1035) 


Acute hemiplegia of childhood is a 

symptom complex characteristi- 
cally affecting children. It may be id- 
iopathic or symptomatic of infection, 
trauma, systemic disease, cardiac dys- 


ka function, vascular malformation, neo- 
` plasm, and other varied disorders such 





haw 


bs 







as mitochondrial disease, or a sequel of 
status epilepticus.’ The causative role 
_of viral infections in the syndrome is 
limited to occasionally reported asso- 
ciations with herpes simplex virus, en- 
terovirus, and measles.” 
Varicella zoster virus (VZV) causes 


~ both chickenpox and zoster (shingles). 


Neurologic complications following 
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chickenpox include seizures, menin- 
gitis, encephalomyelitis, cerebellar 
ataxia, and myelitis, but not, to the 
best of our knowledge, acute childhood 
hemiplegia. However, hemiplegia as a 
complication of shingles has been de- 
scribed, in particular in immunosup- 
pressed patients. In so-called herpes 
zoster ophthalmicus (HZO) with de- 
layed (days to months) contralateral 
hemiplegia, angiography can show 
segmental constriction in the arterial 
system of the central nervous system 
(CNS), and herpeslike particles and 
viral antigens have been demonstrated 
in vessel walls.** No such cases have 
been described in immunologically 
normal children. 

We studied a 5-year-old boy with 
acute hemiplegia 3 months after he 
had chickenpox. The angiographic fea- 
tures were similar to the vasculopathy 
in HZO. Intrathecal synthesis of oli- 
goclonal VZV-specific IgG, consistent 
with VZV infection of the CNS, was 
demonstrated. 


REPORT OF A CASE 


A previously healthy 5-year-old boy was 
first seen in June 1986 beeause of acute 
right-sided weakness. He had complained 
of headache and fatigue for 2 weeks. He had 
chickenpox 3 months before admission, 
from which he recovered within a few days. 
At that time there had been a small epi- 
demic of chickenpox at the school that he 
attended. On admission, physical examina- 
tion was negative and neurological exami- 
nation disclosed a mild right-sided hemi- 
paresis. The paresis improved considerably 
over the next 10 days, but headache and fa- 
tigue persisted. Neurological examination 1 
month later documented no abnormalities. 
Six months after the first episode (Decem- 
ber 1986) he was readmitted to our hospital 
with a second episode of acute right-sided 
hemiparesis, which improved completely 
within 3 days. The headache and fatigue 
persisted over the ensuing 3 months. After 


the second hemiparesis, he was treated 
with acyclovir for 10 days and prednisolone 
(1 mg/kg per day) tapered over 8 weeks. At 
the time of this writing (May 1989) he is 
doing well. 

Routine laboratory and coagulation stud- 
ies in the two episodes were normal. Eval- 
uation for systemic vasculitis, endocarditis, 
cardiac emboli, and inborn errors of me- 
tabolism showed no abnormalities. Serial 
cerebrospinal fluid (CSF) examinations 
(Table) showed a mild mononuclear pleocy- 
tosis with plasma cells, normal protein 
content, and no hypoglycorrhachia. The 
CSF:serum albumin ratio was normal. Iso- 
electric focusing revealed oligoclonal bands 
in CSF, which were not detected in the se- 
rum samples. The CSF:serum VZV IgG ra- 
tio is compatible with intrathecal VZV pro- 
duction (Table). 

Imprint immunofixation (January 1987)‘ 
disclosed intrathecal synthesis of oligo- 
clonal VZV IgG and IgA. Virological exam- 
inations ( ple) showed high anti-VZV ti- 
ters in CSF and serum samples and high 
anti-cytomegalovirus (CMV) titer only in 
serum. Cytomegalovirus was isolated re- 
peatedly in the urine samples during the 
whole follow-up period. No indication for 
infection with adenovirus, coxsackievirus 
(A,B), echovirus, mumps, herpes simplex 
virus, Epstein-Barr virus, Chlamydia, My- 
coplasma Pneumoniae, or Borrelia burg- 
dorferi was found. Thymidine kinase activ- 
ity was determined by radioenzyme assay 
(Sangtec Medical, Bromma, Sweden).”* The 
elevated serum thymidine kinase level per- 
sisted and the detectable thymidine kinase 
activity in the CSF disappeared gradually 
(Table). A follow-up CSF analysis 4 months 
after the second hemiparesis (April 1987) 
showed no pleocytosis and no oligoclonal 
bands. 

Screening of T-cellular immune capacity 
was performed (November 1987) by count- 
ing the numbers of mature T cells (D3) and 
T-cell subsets (CD4 and CD8) in peripheral 
blood samples, and by assessing the respon- 
siveness in vitro of peripheral blood mono- 
nuclear cells following stimulation with 
mitogens. Results of these investigations 
were normal. 

An electroencephalogram during the 
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first episode showed slow-wave activity in 
the left temporal region. Several computed 
tomographic scans of the brain were nor- 
mal (June 1986, December 1986), but mag- 
netic resonance imaging (April 1987) re- 
vealed a hyperintense lesion in the left 
temporal lobe and island of Reil (Fig 1). 

A left carotid angiography (June 1986) in 
the first episode disclosed irregular narrow- 
ing of the proximal part of the M1 segment 
of the middle cerebral artery. A four-vessel 
cerebral angiography in the second episode 
(December 1986) revealed an increased nar- 


rowing of the left M1 segment (Fig 2, left) 
and a stenosis of the basilar artery (Fig 2, 
right). 

Arterial digital subtraction angiography 
4 months later (April 1987) showed no fur- 
ther progression. 


COMMENT 


Three and 9 months, respectively, 
after a primary VZV infection, this 5- 
year-old boy developed episodes of re- 
current hemiparesis, both of which re- 


Cerebral Vasculopathy Associated With Primary Varicella Zoster Virus (VZV) Infection: 
Diagnostic Laboratory Investigations * 


1986 


December 


1987 
C 


January April January 1989 





CSF 
WBC, ul 31 





Protein, g/L 








VZV IgG, IFA 





CMV IgG, ELISA 





Tk, w/L, N = 0 





Serum 
VZV IgG 


CMV IgG 














Tk, w/L,N=5 








CSF/serum ratio 
Albumin ratio 
N=7,8 5.1. 








IgG index, 
N = 0.80 0.87 





1.39 





VZV IgG ratio 1:64 


1:64 








CMV IgG ratio 1:640 


1:640 





Urine 


CMV isolation Positive Positive 





Positive Positive Positive 


* CSF indicates cerebrospinal fluid; WBC, white blood cell; CMV, cytomegalovirus; Tk, thymidine kinase; NI, 
not investigated; IFA, immunofluorescent antibodies; and ELISA, enzyme-linked immunosorbent assay. 


Fig 1.—Magnetic resonance image (repetition 
time, 2500 milliseconds; echo time, 100 milli- 
seconds) showing a hyperintense lesion in the 
left temporal lobe and the insular region, in 
combination with a widened anterior horn of the 
left ventricle (April 1987). 
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solved completely. Evidence for an as- 
sociation between the CNS 
vasculopathy and VZV was provided 
by the demonstration of an intrathecal 
VZV-specific IgG response. 

A concomitant subclinical CMV in- 
fection was limited to the urine (isola- 
tion) and the production of specific an- 
tibodies in the serum. Previous reports 
on CMV in the nonimmunocompro- 
mised host have rarely described sys- 
temic complications.’ The clinical and 
angiographic features of our case are 
similar to most cases of delayed hemi- 
paresis associated with HZO. This de- 
layed vasculopathy following HZO was 
the subject of a number of recent 
reports and reviews.*'*'! Our case 
seems extraordinary for several rea- 
sons. First, because no children with 
this VZV-related vasculopathy in the 
CNS have been documented. Second, 
the configuration of inflammatory neu- 
rologic disease 3 and 9 months after 
chickenpox, respectively, with evi- 
dence of intrathecal VZV activity, is 
suggesting a persistence of the VZV 
infection in the CNS. Third, the syn- 
drome of cerebral vasculopathy has 
not been associated before with a pri- 
mary VZV infection. 

The pathogenesis of the VZV-asso- 
ciated vasculopathy is believed to be 
due to direct viral spread along intra- 
cranial branches of the trigeminal 
nerve to arterial walls.'!? Histopatho- 
logical findings vary from thrombosis 
without inflammatory changes to ne- 
crotizing granulomatous arteritis.‘ Ul- 
trastructural and immunohistochemi- 


Fig 2.—Cerebral angiography showing segmental narrowing of the left M.1 segment (left, arrow) 
and of the basilar artery (right, arrow) (December 1986). 
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-cal studies have demonstrated virus- 


like particles and viral antigens in 
vessel walls.*° 

In our case, the asymmetrical in- 
volvement of the proximal cerebral 
vessels suggest a vessel wall invasion 
by direct viral spread along the 
trigeminal nerve from the primary site 
of varicella replication and not a he- 
matogenic spread during the first or 
second viremia.” An alternative possi- 
bility is an almost simultaneous occur- 
rence of varicella and HZO without 
rash but with delayed contralateral 
hemiplegia.'*5 

The intrathecal synthesis of oligo- 
clonal VZV-specific IgG in CSF sug- 
gests a viral cause of the cerebral vas- 
culopathy. However, oligoclonal bands 
can still be demonstrated several 
months after an uncomplicated VZV 
meningitis and do not per se provide 
definite evidence for active infection." 

Thymidine kinase, an enzyme in- 
volved in the synthesis of a DNA pre- 
cursor, can be induced during certain 
viral infections such as CMV, VZV, 
Epstein-Barr virus, measles, and 
rubella.”* Varicella zoster virus also 
encodes its own viral thymidine kinase 
that forms a part of the measured 
thymidine kinase. The serum thymi- 
dine kinase level follows the clinical 
course of the viral disease and most 
convalescent serum samples contain 
low or normal enzyme levels. The ele- 
vated serum thymidine kinase level in 


our patient is probably correlated to 
the persistent subclinical CMV infec- 
tion. The CSF thymidine kinase level is 
most likely associated with the in- 
trathecal VZV activity, suggesting a 
prolonged but self-limiting infection. 

Although cerebral vasculopathy due 
to HZO seems to have a low mortality 
and the usefulness of antiviral, anti- 
platelet, anticoagulant, and corticos- 
teroid therapy is unknown, we have 
treated our patient after the second 
hemiparesis with acyclovir and pred- 
nisolone in an attempt to prevent fur- 
ther progression. Varicella-zoster vi- 
rus seems to be another potential caus- 
ative agent to be considered in acute 
childhood hemiplegia. 


We thank J. M. J. J. Vossen, MD, for his 
instructive suggestions, J. Lindemans, MD, for 
performing the thymidine kinase measurements, 
and Karen Wagensveld for preparing the manu- 
script. 
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@ Regional cerebral glucose metabo- 
lism was studied in a 73-year-old woman 
with autopsy-confirmed  Creutzfeldt- 
Jakob disease, using positron emission 
tomography of 2-('*F)fluorodeoxyglucose. 
Regional absolute values were analyzed in 
14 partially overlapping slices. Clinically, 
the patient was in an advanced stage of 
disease when positron emission tomo- 
graphic scans revealed severe, diffuse 
hypometabolism, and neuropathological 
findings showed diffuse spongiform 
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reutzfeldt-Jakob disease is a sub- 
acute spongiform viral encepha- 
lopathy, and it is believed to be caused 
by a small, proteinaceous, infectious 
particle labeled prion.’* It usually 
manifests clinically with impairment 
of cognitive functions and extrapyra- 
midal dysfunction.'** The median du- 
ration of illness is only 4 months.** It 
has been reported that computed to- 
mography (CT) and magnetic reso- 
nance imaging may reveal cortical at- 
rophy or increased signal intensity at 
an advanced stage of disease, but there 
also are normal findings.” 
We performed positron emission to- 
mography (PET) in a 73-year-old pa- 
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Regional Glucose Metabolic Rates of Patients and Age-Matched Female 
Control Subjects * 


Left Side Right Side 
aAa TT OT oo 5), 
Normal Subjects, Normal Subjects, * 
Region Patientt = Patientt n=7 
Frontal 17:5 36.5 + 4.08 19.2 
Sensomotor 18.4 35.7 4.37 20.1 
Temporal 18.1 33.3 + 2.96 19.7 
Parietal 16.6 32.1 + 4.25 18.8 
Occipital 17.8 35.7 + 4.43 19.7 
Caudate 19.7 40.9 + 4.10 20.5 
Lentiform 21.8 42.3 + 6.27 24.1 
Thalamus 19.6 37.5 + 6.42 21.0 
Brain stem 18.1 27.5.+ 3.57 17.5 
Cerebellum 15.6 32.8 + 3.54 16.9 


Subcortical 
white 11.4 18.3 1.99 11.7 






































* Glucose metabolic rates are measured in micromole of glucose per 100 g per minute; mean + SD 
tGlobal brain glucose consumption: patient, 17.9; normal subjects, 32.2 + 3.72. Rates are below 95% pre- 
diction limits. 










a 
Fig 1.—Left, Normal computed tomographic scan. Right, Positron emission tomographic scan (gray scale range, 9 to 27 umol 
of glucose per 100 g of tissue per minute): diffuse hypometabolism in all cortical and subcortical regions. 
ý 
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Fig 2.—Left, Left putamen showing spongiform change. Right, Left cerebellum showing spongiform change and mild loss of 
Purkinje’s cells (hematoxylin-eosin, left and right, X 135). 
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tient with autopsy-confirmed Creutz- 


feldt-Jakob disease. 
REPORT OF A CASE 


A 78-year-old woman was admitted to 
our hospital in January 1988 because of 
progressive dementia and extrapyramidal 
dysfunction. She had begun to complain of 
memory loss and speech difficulty in De- 
cember 1987 and showed rapidly progres- 
sing mental deterioration. Her medical his- 
tory was unremarkable, and no other fam- 
ily member was known to have been 
affected by similar disorders. On admission 
she was mute and did not respond to verbal 
stimuli. There were occasional spontaneous 
ocular movements in all directions, but she 
was unable to recognize any familiar per- 
son. Myoclonic jerks were seen in her face 
and upper limbs, intensified by touch and 
noise. Rigidity of all extremities was noted. 

The deep tendon reflexes were brisk, but 
no pyramidal signs were elicited. Results of 
a general physical examination were nor- 
mal. Routine laboratory findings and lum- 
bar puncture were noncontributory. Com- 
puted tomographic and PET scans were 
performed, and electroencephalogram (EEG) 
was recorded twice. The patient died of a pul- 
monary infection after 3 months of disease 
and was examined postmortem. 


METHODS 
EEG 


Electroencephalogram was recorded ona 
12-channel EEG (Picker International), us- 
ing the 10/20 international system of elec- 
trode placement, with bipolar montages. 
The recordings were obtained at rest, paper 
speed was 30 mm/s, time constant, 0.2 sec- 
onds. 


X-ray CT 


Transaxial CT scans of the brain were 
obtained using a routine CT machine (So- 
matom DR, Siemens), with application of 
contrast material. Center-to-center slice 
distance was 6 mm. 


PET 


Following intravenous injection of ap- 
proximately 192 MBq 2-('*F)fluorodeoxy- 
glucose, a total of 14 partially overlapping, 
transaxial images of brain glucose metabo- 
lism were obtained in parallel with the 
canthomeatal line," using a 4-ring PET 
scanner (Scanditronix PC 384). In-plane 
resolution was 7.8 mm at a slice thickness of 
11 mm. The comatose patient was studied in 
a supine position, eyes closed, at low ambi- 
ent noise, but she could only be positioned 
in the scanner correctly after intravenous 
injection of 0.5 mg of clonazepam for seda- 
tion 30 minutes after tracer injection. No 
major effect of sedatives on cerebral glucose 
metabolism was expected because the glu- 
cose uptake curve has become linear by that 
time.’ An interactive mapping program 
provided regions of interest,'* and meta- 
bolic rates (Table) were calculated using 


~ rate constants adjusted to the measured 
tissue activity.” 


Regional glucose consumption was com- 


pared with 95% prediction limits derived by 
t statistics from an age-matched female 
sample of seven healthy control subjects. 


RESULTS 
EEG 


The EEG showed typical features of 
Creutzfeldt-Jakob disease with wide- 
spread disorganization of the back- 
ground activity (6 Hz/30 uV) and par- 
oxysmal recurring of triphasic sharp 
waves in both recordings. 


CT 


The CT scans showed no signs of pa- 
renchymal changes and there was no 
evidence of hydrocephalus or abnor- 
mal enhancement (Fig 1, left). 


PET 


Glucose consumption was severely 
decreased in all supratentorial and in- 
fratentorial structures. Hypometabo- 
lism was diffuse and slightly pro- 
nounced on the left side (Fig 1, right). 
All gray and white matter regions 
showed rates lower than the 95% lim- 
its predicted from normal values. Max- 
imal cortical values did not exceed 18.4 
xmol/100 g per minute (Table), which 
is approximately 52% less than nor- 
mal values. 


Neuropathological Findings 


On gross examination of the brain, 
only a symmetrical frontal atrophy 
was observed. Histological examina- 
tions revealed diffuse spongiform 
changes with astrocytic hyperplasia 
and hypertrophy throughout the 
brain, especially in the right putamen 
and in the cerebellum (Fig 2). 

There was no evidence of neuronal 
cell loss in supratentorial regions, but 
cerebellar cortex showed mild loss of 
Purkinje’s cells. 


COMMENT 


In our case, Creutzfeldt-Jakob dis- 
ease was clinically evident by the clas- 
sic triad of dementia, myoclonus, and a 
characteristic EEG changes.'*** In 
contrast, the CT findings were normal 
and showed no correlation with the 
patient’s clinical condition. Positron 
emission tomographic scans, however, 
showed severe and diffuse reduction of 
glucose metabolism in all supratento- 
rial and infratentorial regions and in 
the white matter. 

An article’ noted pronounced reduc- 
tion in 2-('*F)fluorodeoxyglucose up- 
take in both posterior temporal cor- 
tices and found similarities between 
these findings and PET scans per- 
formed in patients with Alzheimer’s 
disease. In contrast to our findings, 
where diminished glucose consump- 
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tion was found in all cortical regions, 
dementia of the Alzheimer’s type dem- 
onstrates a clear focal pattern of cere- 
bral metabolic abnormalities. There is 
marked cortical hypometabolism in 
association areas and relatively pre- 
served glucose utilization in the cau- 
date, thalamus, primary sensorimotor 
cortex, calcarine occipital cortex, and 
cerebellum.'*° 

The difference in PET findings 
might be due to the fact that in this 
study it was possible to obtain absolute 
values of cerebral glucose utilization 
and we analyzed 14 overlapping slices, 
whereas the earlier study’ could only 
be based on the relative 2-('*F) 
fluorodeoxyglucose accumulation in 
two slices. Postmortem examination 
revealed characteristic diffuse, spongi- 
form changes throughout the brain, 
with mild neuronal cell loss being de- 
tected only in the cerebellum. Thus, 
autopsy lent some support to the no- 
tion that diffuse hypometabolism need 
not be caused by neuronal cell loss. Al- 
though the basic biochemical struc- 
ture of the spongiform encephalopathy 
remains uncertain, it is known that in 
infected brains inflammatory changes 
are generally absent, but severe alter- 
ations in cellular structure were 
described.”! 

It has been suggested that swelling 
of dendrites, loss of dendritic spines, 
and neuronal cell fusion produce se- 
vere cellular dysfunction and distur- 
bance of normal neuronal path- 
ways. These microscopic observa- 
tions are likely to be important in the 
understanding of the diffuse changes 
in metabolism demonstrated by PET. 
They may also explain the low yield of 
abnormal CT and magnetic resonance 
imaging findings previously reported 
in Creutzfeldt-Jakob disease.” In 
some cases, CT showed atrophy of the 
brain and magnetic resonance imaging 
revealed increased signal intensity at 
advanced stages of severe nerve cell 
loss. Our case provides some evidence 
for the importance of PET in differen- 
tiating Creutzfeldt-Jakob disease 
from other dementing processes, in 
particular when neuropathological 
findings are confined to spongiform 
changes rather than to neuronal cell 
loss. 
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Extensive Brain Calcification and Progressive 
Dysarthria and Dysphagia Associated With 
Chronic Hypoparathyroidism 


J. Christopher Cheek, MD; Jack E. Riggs, MD; R. Lindsay Lilly, MD 


@ An 81-year-old woman with a 13-year 
history of hypoparathyroidism developed 
dysarthria and dysphagia. Cranial com- 
puted tomography demonstrated exten- 
sive calcification involving the basal gan- 
glia, corona radiata, and deep cerebellar 
structures. The cerebral small-vessel cal- 
cification that occurs in chronic hypopar- 
athyroidism may produce the syndrome of 
progressive dysarthria and dysphagia. 

(Arch Neurol. 1990;90: 1038-1039) 


Thre most commonly recognized cen- 

tral nervous system manifestations 
of chronic hypoparathyroidism are 
seizures, alterations of mental func- 
tion, and extrapyramidal signs.'* In- 
tracerebral calcification, particularly 
of the basal ganglia, is very frequent in 
patients with hypoparathyroidism.** 
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We describe a patient with chronic hy- 
poparathyroidism and extensive in- 
tracerebral calcification who devel- 
oped progressive dysarthria and dys- 
phagia. 


REPORT OF A CASE 


An 81-year-old woman presented with an 
18-month history of progressive dysar- 
thria, dysphagia, gait disturbance, and mild 
confusion. She had lost 11 to 13 kg over the 
previous 6 to 8 months because of her diffi- 
culty with swallowing. Laryngoscopy and 
an esophagogram showed no structural ab- 
normalities. The patient had been diag- 
nosed as having hypoparathyroidism 13 
years previously. At the time of diagnosis 
her serum calcium concentration was 1.2 
mmol/L. She took calcium carbonate, 2500 
mg twice a day, one multivitamin tablet per 
day, and dihydrotachysterol, 0.125 mg twice 
a day. She had had recurrent generalized 
motor tonic-clonic seizures for 26 years, and 
was being treated with phenytoin 100 mg 
three times per day and phenobarbital 15 
mg/d. A recent electroencephalogram 
showed left temporal slowing and sharp 
waves. She had developed a tremor of the 
left arm a few years previously, and had 


been tried on a regimen of carbidopa (10 
mg)/levodopa (100 mg) combination four 
times a day, without benefit. She had no 
history of hypertension. 

On examination, she was a frail, elderly 
white woman weighing 53 kg (116 pounds). 
She was fully oriented, although memory 
and general information were poor. She 
was severely dysphonic and dysarthric, 
making her speech very difficult to under- 
stand. Her tongue was not atrophic and 
fasciculations were not present. Her gag 
reflex was brisk. Eye movements were nor- 
mal. She had mild (grade 4+ to 5— Medical 
Research Council Scale) proximal muscle 
weakness. No fasciculations were evident in 
limb or trunk muscles. Sensation was nor- 
mal. Gait was slow and unsteady. Rapid al- 
ternating movements were slowly done. 
There was a mild tremor of both hands. 
Muscle stretch reflexes were mildly brisk. 
No spasticity was present. Mild rigidity was 
present. Both toes were downgoing on plan- 
tar stimulation. 

Results of routine blood studies were 
normal. The erythrocyte sedimentation 
rate was 30 mm/h. The serum calcium con- 
centration was 2.4 mmol/L; phosphorus, 1.2 
mmol/L; magnesium, 0.8 mmol/L; total 
protein, 71 g/L; and albumin, 37 g/L. The 
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Noncontrast cranial computed tomography showing calcification of the deep cerebellum, basal ganglia, and 
corona radiata (a, b, c, and d). Similar sections of T.-weighted magnetic resonance imaging showing cor- 
responding ischemic changes (e, f, g, and h). 


serum creatinine kinase concentration was 
83 U/L; cyanocobalamin, 430 pmol/L; and 
folate 73 nmol/L. The thyroxine level was 
73nmol/L and the thyroid-stimulating hor- 
mone concentration was 3.0 mU/L. Serum 
rapid plasma reagin was nonreactive. Se- 
rum acetylcholine receptor binding anti- 
bodies were 0.03 nmol/L (normal, less than 
or equal to 0.03 nmol/L). No evidence of 
motor neuron disease or myositis was seen 
on electromyogram. No evidence of a defect 
in neuromuscular transmission was found 
with 2-Hz repetitive ulnar, median, and fa- 
cial nerve stimulation. Unenhanced cranial 
computed tomography demonstrated ex- 
tensive calcification involving the basal 
ganglia, corona radiata, and deep cerebellar 
structures (Figure). Magnetic resonance 
imaging of the head was interpreted as 
demonstrating extensive deep ischemic 
changes (Figure). 


COMMENT 


The incidence of basal ganglia calci- 
fication in patients with idiopathic hy- 
poparathyroidism, such as this patient 
had, is very high.** However, extensive 
radiographic calcification involving 
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the basal ganglia, corona radiata, and 
deep cerebellar structures has only 
rarely been described in hypo- 
parathyroidism.’ Pathologically, the 
cerebral calcification associated with 
chronic hypoparathyroidism prima- 
rily affects small deep vessels and oc- 
curs in vascular and perivascular 
locations.’ The extensive cerebral cal- 
cification, which implies extensive 
small-vessel pathology and is compat- 
ible with the magnetic resonance im- 
aging appearance of extensive deep is- 
chemia, was most likely responsible 
for this patient’s progressive dysar- 
thria and dysphagia. Finally, although 
not commonly recognized, progressive 
cerebral calcification has been ob- 
served in hypoparathyroidism despite 
maintenance of normocalcemia.® Thus, 
correction of hypocalcemia alone, as in 
this patient, may not be sufficient in 
the treatment of hypoparathyroidism 
to prevent progressive cerebral calci- 
fication and possible consequent neu- 
rologic dysfunction. 
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Professional Opportunities 


EXPANDING DYNAMIC neurology practice — 
BC/BE neurologist to join a busy, rapidly growing 
group neurology practice in Virginia suburbs of 
Washington, DC. Excellent opportunity for a com- 
passionate, personable, hard working person to join 
our comprehensive neurodiagnostic team. Subspe- 
cialty training, especially EEG, evoked potentials, 
EMG, or sleep disorders preferred. Teaching and 
faculty appointments available. Send CV to: D. 
Hope, Neurology Center of Fairfax, Ltd., 3020 
Hamaker Court, Fairfax, VA 22031. 





CHARLOTTE, NORTH CAROLINA: High quality 
group of six neurologists, all of whom are subspe- 
cialized, seeks to add a well-trained neuroncologist. 
Contact: Mike Kaufman, MD, 126 Cottage Place, 
Charlotte, NC 28207; or call: (704) 334-7311. 


NEUROLOGIST 


The OCHSNER CLINIC of Baton Rouge 
seeks additional neurologists to expand its 
department in our large multi-specialty 
clinic there. Baton Rouge is a major cultur- 
al center, a regional medical referral site, 


and is home to the state's largest university 
population. The practice offers an oppor- 
tunity to practice with physicians of supe- 
rior training and ability in a setting which 
supports innovation and involvement in 
education and research. Interested indi- 
viduals should forward their CV to: 
Medical Director 
Ochsner Clinic of Baton Rouge 
16777 Medical Center Drive 
Baton Rouge, LA 70816 





BC/BE NEUROLOGIST NEEDED — California. 
Excellent opportunity to establish your own private 
practice with no investment, guaranteed income. 
Strong referral base. Proficiency in EEG/EMG 
required. Well equipped, 112-bed, full-service hos- 
pital. Our service area population is now 90,000; a 
growing area with new businesses and stable econ- 
omy. Located in central California near Sequoia 
National Park, Tulare offers an excellent family- 
oriented lifestyle and all expected amenities. Beauti- 
ful homes close to hospital and office are affordably 
priced. Good schools, many community activities 
and abundant recreation including golf, tennis, 
mountain and equestrian activities. Easy access to 
all California’s major metropolitan and resort areas. 
Please contact: Tulare District Hospital Physician 
Recruiting Office, P.O. Box 90112, Los Angeles, CA 
90009. (800) 468-2687. 





SOUTHEAST COAST — A 190-bed regional medi- 
cal center is seeking a BC/BE neurologist to join in 
close association with their existing neurosurgeons. 
Exceptional medical facilities and neurological serv- 
ices including EEG/EMG, EP, CT, MRI. Excellent 
income guarantee plus benefits — large drawing 
area provides for outstanding potential. Located 90 
minutes from one of this country’s premiere seaside 
resorts, this dynamic community offers a quality 
lifestyle. Call: Mark Prosperi at (800) 776-5776 for 
more details. Or send CV to: Cejka & Co., 1034 
South Brentwood Boulevard, St. Louis, MO 63117. 


PLEASE NOTE— Address replies to box number 
ads as follows: Box number, , c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 















Professional Opportunities 


NEUROLOGIST: Excellent opportunity for board- 
certified/board-eligible neurologists to join two 
existing neurologists in a stimulating, busy practice. 
Marquette General Hospital is a 321-bed regional 
referral center, with a comprehensive neurophysi- 
ology department and state-of-the-art technology 
that includes magnetic resonance imaging and CT 
scanning, and a hospital-based family practice 
residency. Medical students from Michigan State 
University's College of Human Medicine are regu- 
larly assigned to the hospital and offer an opportuni- 
ty for teaching. Marquette General Hospital and its 
medical staff are committed to building a center of 
excellence in the neurosciences and have the 
necessary financial resources. The development of 
these services will require the leadership and co- 
operation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. Salaried and private practice posi- 
tions are available. If this special opportunity is of 
interest to you, please forward your curriculum vitae 
to: Daniel Mazzuchi, MD, Director of Physician Serv- 
ices, Marquette General Hospital, Suite 122, Wallace 
Building, 420 West Magnetic Street, Marquette, MI 
49855. 


























MAUI ORTHOPEDIC and Sports Medicine seeks 
neurologist to establish independent practice. Con- 
tact: William Gfeller, 450 Hookahi Street, Wailuku, 
Maui, HI 96793. (808) 244-5541. 
































IMMEDIATE OPENING 
FORA 


GENERAL 
NEUROLOGIST 


Private practice opportunity avail- 
able immediately in east Tennessee 
with a well established neurologic 
practice. 


Candidate should be BE/BC with 
competence in EEG, EMG and 
evoked potentials. Compensation 
individually negotiable. Excellent 
benefits also included. There is a 
wide variety of recreational facilities 
also available in the area. 
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Professional Opportunities 
NEUROLOGIST with EEG, EMG and evoked poten- 
tial experience for busy neurology office. Full-time 
position. Heavy Spanish, Oriental (Japanese, Chi- 
nese, Vietnamese and Korean) population. Los 
Angeles area. (213) 733-4891. 





BC/BE ADULT NEUROLOGIST, with expertise in 
EEG, wanted to join a BC adult neurologist in a 
44-physician multi-specialty group in a southern 
Wisconsin college town. Please send CV to: J.F. 
Ruethling, Administrator, Beloit Clinic, S.C., 1905 
Huebbe Parkway, Beloit, WI 53511. Telephone: 
(608) 364-2200. 


BUCKS COUNTY, PENNSYLVANIA — Position 
available in this beautiful, southeastern Pennsyl- 
vania location for a BE/BC neurologist to join two 
young colleagues in a growing private practice. All 
diagnostic modalities locally available in this highly 
trained medical community, situated 30 minutes 
from Center City, Philadelphia and less than 90 
minutes from Manhattan. High salary/benefits with 
potential for partnership. Reply: Box #807, c/o AON. 





ILLINOIS 


A board-certified/board-eligible neurologist 
needed to join an eight member Neuroscience 
Division in a 200+ private, multi-specialty group 
associated with the University of Illinois Col- 
lege of Medicine; clinic and adjacent 288-bed 
hospital. Offer full neurologic-radiologic sup- 
port including CT and MR scans; subspecialty 
interest welcomed. Liberal fringe benefits and 
early partnership; malpractice coverage pro- 
vided. Write including CV, to: 
Robert C. Parker, Jr., MD 
Assistant to the Chief Executive Officer 


CARLE CLINIC ASSOCIATION 
Urbana, IL 61801 








NEUROLOGIST — Texas gulf coast: Excellent op- 
portunity for a young energetic, neurologist to join 
this thriving practice. Competitive salary and bene- 
fits as well as early partnership. Please reply to: Box 
#810, c/o AON. 


Professional Opportunities 


PEDIATRIC NEUROLOGIST: BC/BE pediatric 
neurologist to join established 97-physician multi- 
specialty clinic located in beautiful northwest 
Arkansas. Holt-Krock Clinic is the 33rd largest free- 
standing clinic in the nation, serving a patient base 
of 400,000 in Arkansas and Oklahoma. No other 
pediatric neurologist within 100-mile radius. We 
offer a guaranteed salary with full partnership in 2 to 
2⁄2 years, plus excellent fringe benefits. 680-bed 
hospital and new Rehab hospital two blocks from 
main clinic. Must be willing to share call with adult 
neurologists, do testing consisting of EEG, EMG, 
evoked response, and cervical vascular ultrasound 
procedures. For details regarding this opportunity, 
send letter and CV to: Mrs. Josephine Decker, 
Associate Administrator, Holt-Krock Clinic, 1500 
Dodson Avenue, Fort Smith, AR 72901. (501) 
782-2071. 


NEUROLOGIST — Neurologist with particular 
interest in EMG and nerve conduction studies to join 
neurology section of a 25-physician internal medi- 
cine group practice. Full testing facilities available 
both in the clinical office and at the teaching hospi- 
tal. Growing area of coastal North Carolina, 250,000 
referral area. Excellent industrial base, 7,500-student 
university campus, year round sailing, golfing, ten- 
nis, fishing, and other recreational opportunities. 
500-bed tertiary care hospital, internal medicine 
residency program, academic affiliation with UNC- 
Chapel Hill. Full benefit package, competitive salary. 
CV to: Daniel Gottovi, MD, Wilmington Health 
Associates, P.A., 1202 Medical Center Drive, Wil- 
mington, NC 28401. 


ACTIVE CLINICAL PRACTICE in central Con- 
necticut needs BE/BC neurologist to join young 
solo practitioner. EEG/EMG/EP proficiency needed. 
Salary leading to partnership. Excellent area for 
family living. Easy access to many educational, cul- 
tural and recreational activities. Supportive relation- 
ship with local community, full service hospital. Affil- 
iated with major teaching tertiary hospital. Reply 
with CV to: P.O. Box 98, Cheshire, CT 06410. Or call 
office: (203) 237-8115, and leave mame and number. 








Professional Opportunities 


NEUROLOGIST — Midwest Great Lakes communi- 
ty near Chicago. Position for a clinical neurologist, 
preferably with subspecialty training in either stroke, 
dementia or EEG to join another neurologist in an 
established private practice. Excellent growth 
potential. Early partnership. Outstanding opportu- 
nity. Box #804, c/o AON. 


GENERAL AND 
PEDIATRIC NEUROLOGISTS 


needed in Springfield, Missouri. Hugh Bayless, 
author of “The Best Towns in America, A 
Where-To-Go-Guide for a Better Life”, says 
that this is “one of the best towns in Amer- 
ica”. Would you like to practice in a new 
clinic—the largest and best equipped in 
the area? This opportunity is located in 
the heart of the beautiful Ozarks with over 
seventy referring physicians on staff. Com- 
petitive compensation with outstanding 
benefits! Send CV to: 


MEDILINE 
621 Parkview Towers, 210 25th Avenue North 
Nashville, TN 37203 O (615) 327-1910 


ARE THERE professional settings you've always 
wanted to sample? Consider joining CompHealth, 
the nation’s largest locum tenens group. If you qual- 
ify, you can practice from Florida to Alaska — fora 
week to several years or anything in between — it's 
your choice. You'll enjoy the experience of a life- 
time. CompHealth provides competitive earnings 
and takes care of the malpractice premiums and 
major expenses like housing and transportation. 
What's more, you'll spend less time on paperwork 
and more time on quality health care. Openings 
available now. Call: (800) 328-3035 toll-free (in 
Utah) (801) 264-6400. See us October 14-17 at the 
American Neurological Association 115th Annual 
Meeting in Atlanta. 


Wisconsin 





MASON CITY, IOWA: Progressive multi-specialty 
group looking for neurologist to join established 
practice. Small-town security within two hours of 
Minneapolis and Des Moines. MRI, CT, Sleep Lab, 
EEG, EMG, Neurosurgery, Cardiac Surgery, Ortho- 
pedic Surgery, Cancer Center, GI Lab, and ENT 
capabilities. Excellent salary and benefits. Submit 
CV to: Ralph A. Wolf, Administrator, 300 North 
Eisenhower Avenue, Mason City, IA 50401. (515) 
421-5446. 





ORLANDO AREA: Board-certified neurologist for 
office practice and comprehensive examinations 
only. No hospital, ER or surgery. No night or week- 
end work. Please send CV and date of availability to: 
120 Marcia Drive, Altamonte Springs, FL 32714. 





NEUROLOGIST — BE/BC to join thriving practice 
in suburban Pittsburgh. Excellent opportunity with 
two community hospitals. Comprehensive diagnos- 
tic laboratory facilities adjacent to main office. 
Interest in EMG/EEG desirable. Competitive salary, 
leading to partnership. Convenient to excellent 
schools and quality affordable housing. Contact: 
Kelly McMahon, Daniel Stern & Associates, 211 
North Whitfield Street, Suite 240, Pittsburgh, PA 
15206. (800) 438-2476. 


NEUROLOGIST: BC/BE Neurologist to replace 
retiring partner in established four-person depart- 
ment associated with 97-physician multi-specialty 
Clinic located in beautiful northwest Arkansas. Holt- 
Krock Clinic is the 33rd largest freestanding clinic in 
the nation, serving a patient base of 400,000 in 
Arkansas and Oklahoma. Full range of electrical 
Studies offered with EEG, EMG, evoked response, 





= | and cervical vascular ultrasound procedures. We 


offer a guaranteed salary with full partnership in 2 to 
_ 2’ years, plus excellent fringe benefits. 680-bed 
hospital and new Rehab hospital two blocks from 
main Clinic. For details regarding this opportunity, 
send letter and CV to: Mrs. Josephine Decker, 
_ Associate Administrator, Holt-Krock Clinic, 1500 
_ | Dodson Avenue, Fort Smith, AR 72901. (501) 
| 782-2071. 


Neurology BE/BC 


It's never too late for a new beginning! Dial 
1-800-338-0568 and discover “The Right Choice” 
for your medical practice in beautiful Southern 
Wisconsin. 


The Monroe Clinic associates practice medicine 
without the distractions of office management. 
There is no financial investment and you will have 
easy access to high quality peers or specialists for 
consultation. Associates enjoy regular hours with 
call sharing and predictable time off for continu- 
ing medical education and vacations. 


For an early prescription to a lasting, equitable 
partnership, please call or send your curriculum 
vitae to Robert Enterline, Physician Staffing Direc- 
tor, The Monroe Clinic, 1515 Tenth Street, Monroe, 


Wisconsin 53566. 


“equal opportunity employer’ 


eS aor ee 
The Monroe Clinic 












NEUROLOGIST — Excellent opportunity to join 
large, well-respected neurological group in beauti- 
ful suburb of Boston. Very active clinical practice 
with availability of all neurodiagnostic modalities. 
Group size allows for good on-call schedule. Loca- 
tion offers the ideal combination of close proximity 
to mountains, ocean and metropolitan culture. Kindly 
reply with curriculum vitae to: Howard M. Gardner, 
MD, New England Neurological Associates, P.C., 
220 Sutton Street, North Andover, MA 01845. 























Positions Available 






EMG/NEUROMUSCLUAR FELLOWSHIP — Two, 
one-year fellowship positions in EMG and neuro- 
muscular diseases available July 1991. Training 
involves extensive experience in clinical EMG as well 
as exposure to single fiber and other computer tech- 
niques in EMG. Participation in neuromuscular spe- 
cialty clinics and interpretation of muscle and nerve 
histochemistry and electron microscopy is an inte- 
gral part of the fellowship. There is opportunity for 
basic research in muscle NMR spectroscopy and 
participation in various clinical research projects. 
Please send curriculum vitae and three letters of 
recommendation to: B.K. Anmad, MD, Department 
of Neurology, Henry Ford Hospital, 2799 West Grand 
Boulevard, Detroit, MI 48202. (313) 876-3822. 


























ACADEMIC NEUROLOGIST with special expertise 
and training in clinical neuromuscular diseases to 
head neuromuscular division. State-of-the-art histo- 
chemistry laboratory with EM capability, multi- 
disciplinary ALS clinic and specialty MG and neuro- 
muscular clinics are well established. Research 
opportunities on-site in muscle NMR spectroscopy 
and magnetomyography. Intramural support avail- 
able for research program development. Participa- 
tion in education of neurology residents and neuro- 
muscular fellows is expected. Send CV and three 
supporting letters to: B.K. Ahmad, MD, Department 
of Neurology, Henry Ford Hospital, 2799 West Grand 
Boulevard, Detroit, MI 48202. Or call: (313) 876-3822. 


NEUROLOGIST 


The Duluth Clinic, Ltd., a 160- 
physician, multi-specialty 
regional referral center in a 
metropolitan base of 125,000 
with a regional referral base of 
500,000 people, is seeking an 
additional board-certified/ 
-eligible neurologist, preferably 
with interest in EMG and evoked 
potentials. 


Currently the staff includes one 
child neurologist, five adult 
neurologists and three neuro- 
surgeons. State-of-the-art 
support services and equipment 
are in place. Ample outdoor 
recreational and cultural facili- 
ties are available. 


Please respond with complete 
curriculum vitae to: 


James G. Brueggemann, MD 
Medical Director 
The Duluth Clinic, Ltd. 
400 East Third Street 
Duluth, MN 55805 


= a 
vU: 


An equal opportunity employer. 








































___ Professional Opportunities 


Positions Available 


ADULT NEUROLOGIST, BC/BE to join a well 
established, growing, solo practice with outside 
neurological coverage in the Akron, Ohio area. 
Teaching, laboratory and clinica! practice activities. 
The very latest of facilities available at teaching hos- 
pitals. Partnership anticipated. Salary and benefits 
competitive. A good sense of humor required. This 
is a wonderful opportunity for the right person. 
Please send CV to: Box #811, c/o AON. 


CLINICAL NEUROPHYSIOLOGY Fellowship — Two, 
1-2 year fellowship positions available July 1991. 
Training involves extensive experience in interpreta- 
tion of adult and pediatric EEGs, ambulatory cassette 
recordings and long term video monitoring. All 
modalities of clinical evoked potentials (VEP, ERG, 
BAEP, SSEP) and intra-operative monitoring and 
brain mapping of EEG and evoked potentials per- 
formed. Human and animal research opportunities 
available in on-site magnetoencephalography labora- 
tory where several projects under way. The fellow- 
ship year may be combined with six month rotation 
in EMG laboratory where extensive experience 
gained in conventional EMG, single fiber and quan- 
titative EMG studies. Fellows may attend outpatient 
epilepsy and neuromuscular clinics during respec- 
tive EEG and EMG rotations. Send CV and three 
reference letters to: B.K. Ahmad, MD, or Gregory L. 
Barkley, MD, Division of Clinical Neurophysiology, 
Department of Neurology, Henry Ford Hospital, 
2799 West Grand Boulevard, Detroit, MI 48202. Or 
call: (313) 876-3822 or (313) 876-3922. 


ADULT NEUROLOGIST. Four-member neurology 
group seeks highly qualified candidate for combined 
clinical, teaching, and research opportunity in beau- 
tiful eastern Pennsylvania community. Academic 
affilation. Neuromuscular expertise or fellowship 
preferred. Exceptional opportunity for exceptional 
applicant. Send CV with inquiry, including career 
goals, to: Lawrence P. Levitt, MD, 1210 South Cedar 
Crest Boulevard, Allentown, PA 18103. 











Faculty Positions 


THE DEPARTMENT OF NEUROLOGY of Loyola 
University Chicago Stritch School of Medicine 
invites applications for a position at the assistant 
professor level. Applicants should be board-eligible 
or board-certified in neurology and should have 
subspecialty expertise in clinical neurophysiology. 
Preference will be given to candidates with interest 
in clinical research. Loyola University Chicago is an 
equal opportunity/affirmative action employer. Inter- 
ested applicants should send their curriculum vitae 
to: Gastone G. Celesia, MD, Chairman, Department 
of Neurology, Loyola University Chicago, 2160 
South First Avenue, Chicago, IL 60153. 





ACADEMIC CHILD NEUROLOGY — Southern 
California. The division of Neurology, Childrens 
Hospital Los Angeles and the Department of Neu- 
rology, University of Southern California School of 
Medicine are seeking an academically oriented 
pediatric neurologist with laboratory based research 
interests. The Pediatric Neurology division at CHLA 
is one of the largest on the west coast with both 
Clinical and laboratory based research programs in 
epilepsy, neuro-oncology, developmental neuro- 
biology, and AIDS. This position will provide excit- 
ing opportunities for collaboration in ongoing basic 
research efforts at Childrens Hospital Los Angeles 
and USC in the neuropharmacology, neurochemis- 
try, neuroimmunology, and molecular biology of the 
developing nervous system. This is a tenure track 
position which carries an appointment of either 
assistant or associate professor, depending upon 
the qualifications and experience of the candidate. 
Board-eligibility or -certification in child neurology 
is required. Interested applicants should send a 
curriculum vitae and names of three references to: 
O. Carter Snead III, MD, Chief, Division of Neurol- 
ogy, Childrens Hospital Los Angeles, P.O. Box 
54700, Los Angeles, CA 90054-0700. Childrens 
Hospital Los Angeles and the University of Southern 
California are equal opportunity/affirmative action 
employers. 


PLEASE NOTE— Address replies to box number 


ads as follows: Box number, , c/o AON, 


P.O. Box 1510, Clearwater, FL 34617. 








Faculty Positions 


THE DEPARTMENT OF NEUROLOGY of Loyola 
University Chicago Stritch School of Medicine 
invites applications for a position at the assistant 
professor level. Applicants should be board-eligible 
or board-certified in neurology and should have 
subspecialty expertise in movement disorders and/or 
epilepsy. Preference will be given to candidates with 
interest in clinical research. Loyola University Chi- 
cago is an equal opportunity/affirmative action 
employer. Interested applicants should send their 
curriculum vitae to: Gastone G. Celesia, MD, 
Chairman, Department of Neurology, Loyola Uni- 
versity Chicago, 2160 South First Avenue, Chicago, 
IL 60153. 


NEUROLOGIST — BC/BE. The Texas College of 
Osteopathic Medicine is recruiting an academically 
oriented neurologist with interest in clinical neurol- 
ogy, teaching and research. Faculty appointment 
provides competitive salary with excellent fringe 
benefits. Please send curriculum vitae and letter of 
inquiry to: William E. McIntosh, DO, Associate Pro- 
fessor of Medicine/Neurology, Texas College of 
Osteopathic Medicine, 3516 Camp Bowie Boule- 
vard, Fort Worth, TX 76107. TCOM is an affirmative 
action/equal opportunity employer. 


NEURO-OPHTHALMOLOGY 


Michigan State University is conducting a 
search for a second neuro-ophthalmologist 
(Assistant Professor, full-time/full-year, tem- 
porary). Research experience, a strong interest 
in teaching and documented expertise in patient 
care is essential. The candidate must be BE/BC 
in ophthalmology or neurology with formal 
neuro-ophthalmology fellowship training. 
Salary will be commensurate with experience. 
Send CV or contact: 


fg David |. Kaufman, D.O. 














































B309 W. Fee Hall 
Michigan State University 
East Lansing, MI 48824 
(517) 353-3211 












































MSU is an affirmative action/equal opportunity institution 


THE DEPARTMENT OF NEUROLOGY at the Uni- 
versity of Louisville, School of Medicine is seeking a 
faculty member for a full-time academic appoint- 
ment. Applicant must be board-eligible in neurology 
and neurodiagnostics, preferably with a completed 
fellowship in neurophysiology and electrodiagnos- 
tic medicine. Must be committed to education both 
at the undergraduate and graduate levels. Contact: 
William H. Olson, MD, Chairman, Department of 
Neurology, University of Louisville, Louisville, KY 
40292. (502) 588-7981. EO/AAE. 


Fellowships 


MOVEMENT DISORDER FELLOWSHIP. Applicant 
must have completed residency training in neurol- 
ogy. Primary focus is on the evaluation and treat- 
ment of Parkinson's disease and other movement 
disorders. Applicant will also participate in clinical 
drug trials as well as ongoing research projects in 
magnetic resonance imaging and neurotransplanta- 
tion. For more information, contact: C.W. Olanow, 
MD, Department of Neurology, University of South 
Florida, 33606. (813) 253-4455. 


MOVEMENT DISORDERS FELLOWSHIP. Two-year 
clinical and laboratory postgraduate training for 
neurologists interested in Parkinson's disease and 
other movement disorders. Under direction of H.L. 
Klawans, C.G. Goetz, C.M. Tanner, and C.L. Comella, 
Rush-Presbyterian-St. Luke's Medical Center. Con- 
tact: C.G. Goetz, 1727 West Harrison Street, Chi- 
cago, IL 60612. 





Medical Services — 








AMBULATORY 
EEG SCANNING SERVICE 

For 24-hour EEG recordings by Oxford 9000 

Systems. Same day report upon receipt of tape. 

Call: EEG Department 

DIAGNOSTIC MEDICAL LABORATORIES 
(301) 596-4331 
Room 211, 11085 Little Patuxent Parkway 
Columbia, MD 21044 


































































BEHAVIORAL 
NEUROLOGY 
FELLOWSHIP 














































Behavioral Neurology Fellow- 
ship at Harvard Medical 
School and Beth Israel Hos- 
pital, Boston, Massachusetts. 


Two year program starting 
July 1991, stressing clinical 
training with additional oppor- 
tunity for involvement in basic 
neuroanatomy and clinical 
research. 






Send letter of interest 
and CV to: 













Marsel Mesulam, MD 
Department of Neurology 


BETH ISRAEL 
HOSPITAL 


330 Brookline Avenue 
Boston, MA 02215 











































The Alden J. Blethen 
Fellowship in 
Molecular 
Neurogenetics 


The University of Washington is seeking 
applicants for the Alden J. Blethen Fellow 
ship in Molecular Neurogenetics. The 
fellowship will start July 1, 1991. Candi- 
dates should have an MD or MD/PhD 
degree, have completed (by July 1991) a 
neurology residency and be committed to 
an academic career in neurogenetics. 


















The first year of the fellowship will focus on 
Clinical training in medical genetics and 
neurogenetics with a special emphasis on 
Huntington's Disease. In addition, the fel- 
low will rotate among the several basic 
science laboratories participating in the 
Molecular Medicine Training Program of 
the University of Washington. 

























Years two and three will be devoted to 
molecular genetics research in a basic 
sciences laboratory. Clinical work during 
year two and three will be limited to attend- 
ance of the neurogenetics and the Hunting- 
ton Chorea clinics. 
























Inquiries and curriculum vitae should be 
addressed to: 


Dr. Thomas D. Bird 
Division of Neurology, RG-27 
University of Washington 
Medical School 
Seattle, WA 98195 


The University of Washington 
is an equal opportunity employer. 












Fellowships 


eee 
TWO CEREBROVASCULAR Disease Fellowships 
are available, one or two years, beginning July 1, 
1990, in the Department of Neurology, Henry Ford 
Hospital. These fellowships offer comprehensive 
training programs in pathophysiology, diagnosis 
and management of cerebrovascular disorders, 
including migraine, within an NIH funded center for 
cerebrovascular disease research. A Javits Junior 
Clinical Investigator Fellowship is available to one 
competitive candidate. The department evaluates 
almost 600 patients with cerebrovascular disease 
yearly, has a stroke and migraine clinic, and a clini- 
cal/clinical research, four-bed acute stroke unit. 
Clinical and basic science research opportunities 
available in: in-vivo NMR spectroscopy of human 
and animal cerebral ischemia, 133-Xenon inhalation 
regional cerebral blood flow, non-invasive carotid 
dopplers, transcranial doppler, platelet function 
laboratory, HFH stroke center data bank, and exper- 
imental drug studies in stroke and migraine. Appli- 
cants should have completed an accredited neurology 
residency and be board-eligible/-certified. Salary 
commensurate with experience. Please send letter 
of inquiry to: K. M. A. Welch, MD, Chairman, or 
Steven R. Levine, MD, Director, Center for Stroke 
Research, Department of Neurology, Henry Ford 
Hospital, 2799 West Grand Boulevard, Detroit, MI 
48202-2689. Telephone: (313) 876-3396. 





CLINICAL 
NEUROPHYSIOLOGY / EPILEPSY 
FELLOWSHIP 


The University of Cincinnati is offering a fellow- 
ship in an active and expanding program. Train- 
ing includes EEG, evoked potentials, video/EEG 
monitoring with depth or subdural electrodes, 
and intraoperative monitoring. The program 


stresses contemporary pharmacologic and surgi- 
cal approaches to epilepsy in adults and children. 
The fellowship will provide ABCN board-eligibility 
and may be one or two years with opportunities to 
participate in basic or Clinical research programs. 
For information contact: Michael Privitera, MD, 
Department of Neurology 


University of Cincinnati Medical Center 
Cincinnati, OH 45267-0525 m (513) 558-5431 





PAIN FELLOWSHIP. The Pain Service in the Depart- 
ment of Neurology at Memorial Sloan-Kettering 
Cancer Center is seeking a board-eligible/board- 
certified neurologist for a pain fellowship. This is a 
one- or two-year position that offers comprehensive 
training in pain evaluation and treatment, with a 
strong emphasis on cancer pain. Fellows will partic- 
ipate in clinical investigations of neuro-oncologic 
pain syndromes and the pharmacology of opioid 
analgesics. Laboratory research opportunities 
directed at the mechanisms of opiate action and the 
molecular pharmacology of opiate receptors are 
also available. Please contact: K.M. Foley, Depart- 
ment of Neurology, Memorial Sloan-Kettering 
Cancer Center, 1275 York Avenue, New York, NY 
10021. 





FELLOWSHIP AVAILABLE in the Cerebrovascular 
Research Center of the Department of Neurology, 
University of Pennsylvania, which could start as 
early as September 1990. Candidates should be 
board-eligible or board-certified in neurology and 
have an interest in central nervous system disorders. 
PET, MRI, Xenon blood flow and SPECT studies of 
stroke, dementia, epilepsy, Parkinson's disease, 
aging and psychiatric disorders, as well as normal 
physiology being performed. Please send CV and 
inquiries to: Martin Reivich, MD, Cerebrovascular 
Research Center, Room 429, Johnson Pavilion, 36th 
and Hamilton Walk, University of Pennsylvania, 
Philadelphia, PA 19104. 


Miscellaneous 


SECOND DARTMOUTH International Conferenc 
on Epilepsy and The Corpus Callosum, Hanover, 
New Hampshire, August 13-17, 1991. Contact: Pro- 
fessor Alexander G. Reeves, Section of Neurology, 
Dartmouth-Hitchcock Medical Center, Hanover, NH 
03756. FAX: (603) 646-8756. Telephone: (603) 
646-7916. 


































Neurobehavior 
Fellowship 


Emory University School of Medicine 
invites applications for a one- or two- 
year fellowship in behavioral neurology, 
beginning on or after July 1, 1991. The 
fellowship will offer exposure to the 
neurology and neuropsychology of 
dementia, stroke, head injury, temporal 
lobe epilepsy, movement disorders, and 
atypical psychiatric disorders. 


The fellow will be encouraged to inten- 
sively participate in one of the research 
activities of the program. Current clini- 
cal research includes drug trials for 
Alzheimer's disease, cognitive evoked 
potentials in aging and stroke, and the 
behavioral problems associated with 
temporal lobe epilepsy. Current basic 
research involves cellular neuroanat- 
omy and neurophysiology relating to 
neuronal injury. 























Please send letter of inquiry and CV to: 
















Robert C. Green, MD 
Neurobehavioral Program 
EMORY UNIVERSITY 
DEPARTMENT OF NEUROLOGY 
Wesley Woods Center 

1821 Clifton Road, NE 

Atlanta, GA 30329 

Telephone: (404) 728-6682 


An equal opportunity employer. 




















Medical Equipment / Supplies 







FOR SALE OR ASSUME LEASE 


BIOLOGIC Ill 
21 channel Brain Mapping and Evoked 
Potentials. Lease terminates October 
1992. Call: 


(503) 635-1111 
for further information. 


REACH 
19,066 
NEUROLOGISTS 


If you are 
searching for 
a qualified specialist... 










































We Target 
The Physician 


You Want! 


The November issue of the 
Archives of Neurology closes 
Tuesday, September 25th. 


Call us today 

to reserve your space. 
800-237-9851 
813-443-7666 
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January 7-12, 1991 — Los Angeles’ 


The Osler Institute 
Neurology Boards Review Course 


October 25-27, 1990 — Washington, D.C. 


March 17- 


22, 1991 — Houston’ 


Now, a special course for your written and oral board exams 


OBJECTIVES: 


è Increase basic knowledge and clinical skills in neurology 


e Assist neurology residents to study efficiently 
e Prepare board candidates to take board examinations 


e Provide practicing neurologists with a review and update 


Part II Courses: 

Oct. 25-27 — Washington, D.C. 
Joan A. Conry, M.D. 
Miryam Davis, M.D. 
Robert Fayle, M.D. 

Nick Olmos-Lau, M.D. 
Morris Osborn, M.D. 
Michacl Sloan, M.D. 
Ron Tintner, M.D. 

Gage Van Horn III, M.D. 


Jan. 7-12, 91 — Los Angeles + 
Jan. 10-12, 91 — Los Angeles + 


The Part II Course is 
designed to prepare board 
candidates for their oral 
exam. The January 7-12, 
1991, course in Los Angeles 
will be for both written and 
oral exams. Lectures and 
mock oral exams will be held 
each day. 

The three day courses will be 
mock oral exams, each based 
on a presenting problem 
leading to questions on dif- 
ferential diagnosis, treatment 
options, and complications. 
Following each exam the 
faculty will give a critique and 
answer questions. 

Each participant will have an 
exam and critique session and 
observation of other sessions. 
Additional 25 minute ses- 
sions may be arranged for $70 
and private sessions may be 
had for an extra $30. 


Name 
Address 
City/State/Zip 
Phone 


Mail today to: 


1094 Dawn Lane, Dept. 9 
P.O. Box 2218 
Terre Haute, IN 47802 


METHODS: 


e HOME STUDY MATERIALS with questions and answers 
based on previous examinations 

e SEMINAR with projection slides and syllabus 

èe PRACTICE EXAMS with oral and written parts 


Part I Course: January 7-12, 1991 — Los Angeles + 
March 17-22, 1991 — Houston + 


BASIC SCIENCES 
Neuroanatomy 
Neuropathology 
Neurochemistry 
Neurophysiology 
Neuropharmacology 
Neuroimmunology 
Neurogenetics 

CLINICAL SCIENCES 
Neuroimaging 
Neuro-otology 
Neuro-ophthalmology 
Neuroendocrinology 
Psychiatry 
Neuropharmacology 

SENSATION 

AND BEHAVIOR 
Headache and Pain 
Higher Cortical Function 
Movement Disorders 
Epilepsy 
Delirium and Confusion 
Stupor and Coma 
Dementia and Alzheimer’s 

NEUROMUSCULAR 

AND CHILD 
Neuropathies 
Myopathies 
Neuromuscular Junction 
Neonatal Neurology 
Birth Injuries & Anomalies 
Biochemical Abnormalities 
Childhood Degenerations 








For: 





O 





Oct. 25-27, 1990 — Washington 
C] Please send more information. 

Jan. 7-12, 1991 — Los Angeles + 
C] March 17-22, 1991 — Houston + 


O Check enclosed for $ 
F Course being planned 


NEUROLOGIC DISEASES 
Infectious Diseases 
Stroke 
C.S.F. Disorders 
Tumors 
Trauma 
Spinal Cord Disorders 
Demyelinative Diseases 
Metabolic & Toxic Diseases 
Nutritional Deficiency 
Alcohol & Substance Abuse 
Parkinson’s Disease 
Degenerative Diseases 
Developmental Disorders 
Sleep Disorders 


FACULTY 
Robert Baloh, M.D. 
David Baskin, M.D. 
Louis Bozzetti, M.D. 
Steve Feldon, M.D. 
Ronald C. Kim, M.D. 
Peter Kellaway, Ph.D. 
John Stirling Meyer, M.D. 
Merrill Mitler, M.D. 
Bernard Patten, M.D. 
Calvin Stafford, M.D. 
Ron Tintner, M.D. 
Stanley VandeNoort, M.D. 
M. Anthony Verity, M.D. 


Limited Enrollment: NEUROLOGY BOARDS REVIEW REGISTRATION 


LEaeekesi'erccecnbannssecsadessnanpen 


"Accommodations were comfortable...."* 


GOALS AND LOCATION: The Part I 
course consists of lectures and evening 
mock oral exams to help you prepare for 
your written and oral exams. The Part II 
course is mock oral exams for two or three 
days before and usually in the same city as 
each oral exam. The course hotel will be 
the best available combination of excellent 
study environment and bargain rates. 


"and those little extras...."* 


LOWEST AIR FARES: Please call toll- 
free 1-800-548-8185 for group fares. 


"the most education for the money."* 


FEES: 

e Neurologists or Residents Nrol Res. 

Six day courses: $750 $500 
Repeating within3 years: $375 $375 

Three day courses: $480 $480 
Repeating within 3 years: $240 $240 


e Add 10% within 10 days of the course. 

e Attendees not in course hotel add $20/day. 

A deposit of $50 will reserve your position. 

e Home study materials will be mailed after 
half of the registration fee is received. 

e Refunds, subject to a $50 fee, will be made 
until the seminar begins. 


"home study material was extremely helpful."* 
C.M.E. ACCREDITATION: The Univer- 


sity of Texas Health Science Center at t 


Houston is accredited by the Accredita- 
tion Council of Continuing Medical 
Education (A.C.C.M.E.) to sponsor con- 
tinuing medical education for physicians. 


The University of Texas Health Science — 


Center at Houston, Division of Continu- 
ing Education, designates this continuing 
medical education activity for 28 credit 
hours in Category 1 of the Physician’s 
Recognition Award of the American 
Medical Association. 


"I feel it helped me pass the boards."* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
The Osler Institute 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by past Osler participants 


* 
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Dilantin® KAPSEALS® (Extended Phenytoin Sodium Capsules, USP) 
Before prescribing, please see full prescribing information. A Brief Summary follows. 


INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
mal) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see 
Dosage and Administration and Clinical Pharmacology). 

CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 

WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
epilepticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
ation, or substitution of alternative antiepileptic medication arises, this should be done gradually. 
However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
belonging to the hydantoin chemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the 
development of lymphadenopathy (local or generalized) including benign lymph node 
hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resembling serum sickness, eg, 
fever, rash and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an extended period is indicated and 
every effort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
decrease serum levels. 

In view of isolated reports associating phenytoin with exacerbation of porphyria, caution should 

be exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports suggests an association between the use of 
antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
to these women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 
than drug therapy in leading to birth defects. The great 
majority of mothers on antiepileptic medication deliver 
normal infants. It is important to note that antiepileptic drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures, because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
cases where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 
even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mental deficiency in children born to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measurement of serum 
phenytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 
guide to an appropriate adjustment of dosage. However, postpartum restoration of the original 
dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
or correct this defect and has been recommended to be given to the mother before delivery and 
to the neonate after birth. 

PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients 
with impaired liver function, elderly patients, or those who are gravely ill may show early signs 
of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to 
metabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
of induction; it appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) If the rash is 
of a milder type (measles-like or scarlatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced 
phenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same 
patients. 


re~s Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 


reported. Phenytoin may also raise the serum glucose level in diabetic patients. 

Osteomalacia has been associated with phenytoin therapy and is considered to be due to 
phenytoin's interference with Vitamin D metabolism. 

Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. 
Appropriate diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and 
absence (petit mal) seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional states 


Dilantin Kapseals 


(extended phenytoin sodium capsules, USP) 


referred to as “delirium,” “psychosis,” or “encephalopathy,” or rarely irreversible cerebellar 
dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels are recommended. Dose 
reduction of phenytoin therapy is indicated if plasma levels are excessive; if symptoms persist, 
termination is recommended. (See Warnings.) 

Information for Patients: Patients taking phenytoin should be advised of the importance of 
adhering strictly to the prescribed dosage regimen, and of informing the physician of any clinical 
condition in which it is not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first 
seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or 
which phenytoin may affect. Serum level determinations for phenytoin are especially helpful 
when possible drug interactions are suspected. The most commonly occurring drug interactions 
are listed below: 1. Drugs which may increase phenytoin serum levels include: acute alcohol 
intake, amiodarone, chloramphenicol, chlordiazepoxide, diazepam, dicumarol, disulfiram, 
estrogens, H2-antagonists, halothane, isoniazid, methylphenidate, phenothiazines, 
phenylbutazone, salicylates, succinimides, sulfonamides, tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium ions 
which interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid 
preparations containing calcium should be staggered in patients with low serum phenytoin levels 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, 
sodium valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic 
acid, and sodium valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in 
susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin 
include: corticosteroids, coumarin anticoagulants, 
digitoxin, doxycycline, estrogens, furosemide, oral 
contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may 
Cause decreased serum levels of protein-bound iodine 
(PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may 
Cause increased serum levels of glucose, alkaline phos- 
phatase, and gamma glutamyl transpeptidase (GGT). 
Carcinogenesis: See “Warnings” section for informa- 
tion on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug because 
phenytoin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered 
with phenytoin therapy are referable to this system and are usually dose-related. These include 
nystagmus, ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, 
insomnia, transient nervousness, motor twitchings, and headaches have also been observed. There 
have also been rare reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor 
and astenxis, similar to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has beén observed in patients receiving 
long-term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever have 
included scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most 
common; other types of dermatitis are seen more rarely. Other more serious forms which may 
be fatal have included bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens- 
Johnson syndrome, and toxic epidermal necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reported 
in association with administration of phenytoin. These have included thrombocytopenia, leuko- 
penia, granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow sup- 
pression. While macrocytosis and megaloblastic anemia have occurred, these conditions usually 
respond to folic acid therapy. Lymphadenopathy including benign lymph node hyperplasia, pseu- 
dolymphoma, lymphoma, and Hodgkin's Disease have been reported (see Warnings). 
Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis, and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptoms 
such as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic 
lupus erythematosus, immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimated 
to be 2 to5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are 
tremor, hyperreflexia, lethargy, slurred speech, nausea, vomiting. The patient may become 
comatose and hypotensive. Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where 
toxicity may occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 
mcg/mL, dysarthria and lethargy appear when the plasma concentration is over 40 mcg/mL, but 
as high a concentration as 50 mcg/mL has been reported without evidence of toxicity. As much 
as 25 times the therapeutic dose has been taken to result in a serum concentration over 100 
mcg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and 
appropriate supportive measures employed. Hemodialysis can be considered since phenytoin 
is not completely bound to plasma proteins. Total exchange transfusion has been used in the 
treatment of severe intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be 
borne in mind. 

Caution — Federal law prohibits dispensing without prescription. 
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As rare as a seizure on 
Dilantin ier: phenytoin sodium capsules, USP) 100 mg 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way: 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 wg/mL),? often with 
once-daily therapy (Dilantin? Kapseals”), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


- Dilantin 
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only when atmospheric cloud droplets, each less than 5 um in Please see adjacent page for brief summary 
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_ CLINICAL PHARMACOLOGY: 
The mechanisms accounting for selegiline's beneficial adjunctive action in the treatment of Parkinson's disease are 
Not fully understood. Inhibition of monoamine oxidase, type B, activity is generally considered to be of primary impor- 
tance; in addition, there is evidence that selegiline may act through other mechanisms to increase dopaminergic activity. 


__ INDICATIONS AND USAGE: 
Es is indicated as an adjunct in the management of Parkinsonian patients being treated with levodopalcar- 
____bidopa who exhibit deterioration in the quality of their response to this therapy. There is no evidence from controlled 
Studies that selegiline has any beneficial effect in the absence of concurrent levodopa therapy. 
Evidence supporting this claim was obtained in randomized controlled clinical investigations that compared the ef- 
_ tects of added selegiline or placebo in patients receiving levodopa/carbidopa. Selegiline was significantly superior to 
lacebo on all three principal outcome measures employed: change from baseline in daily levodopa/carbidopa 
dose, the amount of ‘off’ time, and patient self-rating of treatment success. Beneficial effects were also observed on 
other measures of treatment success (e.g., measures of reduced end of dose akinesia, decreased tremor and sialor- 
thea, improved speech and dressing ability and improved overall disability as assessed by walking and comparison 
to previous state). 
CONTRAINDICATIONS: 
-ELDEPRY is contraindicated in patients with a known hypersensitivity to this drug 
WARNINGS: 
= Selegiline should not be used at doses exceeding those recommended (10 mg/day) because of the risks 
associated with non-selective in! of MAO. (See INICAL PHARMACOLOGY, 
___ The selectivity of selegiline for MAO B may not be absolute even at the recommended daily dose of 10 mg a day 
and selectivity is further diminished with increasing daily doses. The precise dose at which selegiline becomes a 
Selective inhibitor of all MAO is unknown, but may be in the range of 30 to 40 mg a day. 
v ecause of reports of fatal interactions, MAOIs are ordinarily contraindicated for use with meperidine (DEMEROL & 
_ other tradenames). This warning is often extended to other opioids. Because the mechanism of interaction between 
Is and meperidine is unknown, it seems prudent, in al, to avoid this combination. 
Definitive clinical data on the concomitant use of ELDEPRYL and fluoxetine hydrochloride (PROZAC) is not avail- 
“able. Death has been reported to occur following the initiation of therapy with nonselective MAOI's (NARDIL, PAR- 
____ NATE) shortly after discontinuation of fluoxetine. To date, this reaction has not been reported with ELDEPRYL, 
: however, since the mechanism of this reaction is not fully understood it seems prudent, in general, to avoid this com- 













bination. Because of the long half-lives of fluoxetine and its active metabolite, at least five weeks (approximately 5 

__ half-lives) should elapse between discontinuation of fluoxetine and initiation of MAO! therapy. Based on experience 
with the combined use of MAOIs and tricyclic antidepressants, at least 14 days should elapse between discontinua- 
tion of an MAO! and initiation of treatment with fluoxetine. 






Patients given selegiline may experience an exacerbation of levodopa associated side effects, presumably 
to the increased amounts of dopamine reacting with super-sensitive post-synaptic receptors. These effects may 
often be mitigated by reducing the dose of lcarbidopa by approximately 10 to 30%. 
2 The decision to prescribe selegiline should take into consideration that the MAO system of enzymes is complex 
and incompletely understood and there is only a limited amount of carefully documented clinical experience with se- 
PE legiline. Consequently, the full s of possible responses to selegiline may not have been observed in pre-mar- 
ing evaluation of the drug. It is advisable, therefore, to observe patients closely for atypical responses. 
Information for Patients 
_ Patients should be advised of the possible need to reduce levodopa dosage after the initiation of ELDEPRYL therapy. 
Patients (or their families if the patient is incompetent) should be advised not to exceed the daily recommended 
el 10 mg. The risk of using higher daily doses of selegiline should be explained, and a brief description of the 
_ ‘cheese reaction’ provided. While hypertensive reactions with selegiline have not been reported, documented experi- 
“ence is limited. Consequently, it may be useful to inform patients (or their families) about the signs and symptoms as- 
sociated with MAO! induced hypertensive reactions. In particular, patients should be urged to report, immediately, 
any severe headache or other atypical or unusual symptoms not previously experienced 
_ Laboratory Tests 
N ific laboratory tests are deemed essential for the management of patients on ELDEPRYL. Periodic routine 
< evaluation of all patients, however, is appropriate. 
_ Drug Interactions 
b ~ No interactions attributed to the combined use of selegiline and other drugs have been reported. However, because 
__» the database of documented clinical experience is limited, the level of reassurance provided by this lack of adverse 
reporting is uncertain. (See WARNINGS and PRECAUTIONS.) 


E rcnogenesis , Mutagenesis, and oenen of Fertility 
~ Studies have not been performed to date to evaluate the carcinogenic potential of selegiline hydrochloride. 









din deg category C. Insufficient animal reproduction studies have been done with selegiline to conclude that se- 
__legiline poses no teratogenic risk. However, one rat study carried out at doses as much as 180 fold the recommend- 
ed human dose revealed no evidence of a teratogenic effect. It is not known whether selegiline can cause fetal harm 
-when administered to a pregnant woman or can affect reproduction capacity. Selegiline should be given to a preg- 
-nant woman only if clearly needed. 
Nursing Mothers 
_ Itis not known whether selegiline hydrochloride is excreted in human milk, Because many drugs are excreted in hu- 
‘man milk, consideration should be given to discontinuing the use of all but absolutely essential drug treatments in 
nursing women. 
- Pediatric Use 
The effects of selegiline hydrochloride in children have not been evaluated 











The number en who received selegiline in prospectively monitored pre-marketing studies is limited. While 
information about the use of selegiline are available (e.g., literature reports, foreign post-marketing 
$ reports, etc.) they do not provide the kind of information necessary to estimate the incidence of adverse events. 
Thus, overall incidence figures for adverse reactions associated with the use of selegiline cannot be provided. Many 

of the adverse reactions seen have been also reported as symptoms of dopamine excess. 

) Moreover, the importance and severity of various reactions reported often cannot be ascertained. One index of rel- 
be ative importance, however, is whether or not a reaction caused treatment discontinuation. In prospective pre-market- 
ay ing studies, the following events led, in decreasing order of frequency, to discontinuation of treatment with selegiline: 
Wee nausea, hallucinations, confusion, depression, loss of balance, insomnia, orthostatic hypotension, increased akinetic 

= involuntary movements, ert arrhythmia, bradykinesia, chorea, delusions, hypertension, new or increased angi- 
X= na pectoris and syncope. Events reported only once as a cause of discontinuation are ankle edema, anxiety, burning 
x lips/mouth, constipation, drowsiness/lethargy, dystonia, excess perspiration, increased freezing, gastrointestinal 
___ bleeding, hair loss, increased tremor, nervousness, weakness and weight loss. 
Experience with ELDEPRYL obtained in parallel, placebo controlled, randomized studies provides only a limited 
basis for estimates of adverse reaction rates. The following reactions that occurred with greater frequency among the 
_49 patients assigned to selegiline as compared to the 50 patients assigned to placebo in the only parallel, placebo 
controlled trial performed in ayer with Parkinson's disease are shown in the following Table. None of these ad- 
verse reactions (shown in table) led to a discontinuation of treatment 


In all ively monitored clinical investi , enrolling approximately 920 patients, the following adverse 
events, clasahod by body system, were onid g 


; increased tremor, chorea, loss of balance, restlessness, blephorospasm, in- 
imace, falling down, heavy leg, muscle twitch”, myoclonic jerks’, stiff neck, tardive 

















(chiatric: hallucinations, dizziness, confusion, anxiety, depression, drowsiness, behav- 
d change, tmares, tiredness, delusions, disorientation, lightheadedness, impaired memory’, in- 
energy’, transient high", hollow feeling, lethargy/malaise, apathy, overstimulation, vertigo, personality 
e, sleep disturbance, weakness, transient irritability. ; 
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AUTONOMIC NI ’ 
dry mouth, blurred vision, sexual dysfunction. 
pa ; a Sa 
orthostatic tension, hypertension, arrhythmia, palpitations, new or increased angina pectoris, hypotension, 
tachycardia, peripheral edema, sinus bradycardia, syncope. 

GASTROINTESTINAL: $ pt ere 

nausea/vomiting, constipation, weight loss, anorexia, poor appetite, ja, diarrhea, urn, rectal ing, 
bruxism”, gastrointestinal bleeding (exacerbation of preexisting ulcer disease). TO A 
GENITOURINARY/GYNECOLOGIC/ENDOCRINE: 

slow urination, transient anorgasmia*, nocturia, prostatic hypertrophy, urinary hesitancy, urinary retention, decreased 
penile sensation’, urinary frequency. 

SKIN AND APPENDAGES: 

increased sweating, diaphoresis, facial hair, hair loss, hematoma, rash, photosensitivity. 


MISCELLANEOUS: 
asthma, diplopia, shortness of breath, speech affected. 


POSTMARKETING REPORTS: 
The following experiences were described in spontaneous postmarketing reports. These reports do not provide suffi- 
cient information to establish a clear causal relationship with the use of ELDEPRYL. 
CNS: Seizure in dialyzed chronic renal failure patient on concomitant medications, 
“indicates events reported only at doses greater than 10 mg/day 


INCIDENCE OF TREATMENT-EMERGENT ADVERSE EXPERIENCES IN 
THE PLACEBO-CONTROLLED CLINICAL TRIAL 


Number of Patients Reporting Events 








Adverse Event 


selegiline 
hydrochloride 
N=49 


placebo 


N=50 


Nausea 10 
Dizziness/Lightheaded/Fainting 7 
Abdominal Pain 4 
Confusion 3 
Hallucinations 3 
Dry mouth 3 
Vivid Dreams 2 
Dyskinesias 2 
Headache 2 
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The following events were reported once in either or both groups: 


Ache, generalized 
Anxiety/Tension 
Anemia 

Diarrhea 

Hair Loss 
Insomnia 
Lethargy 

Leg pain 

Low back pain 
Malaise 
Palpitations 
Urinary Retention 
Weight Loss 


OVERDOSAGE: 
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Selegiline a 
No specific information is available about clinically significant overdoses with ELDEPRYL. However, experi 

ained during selegiline's development reveals that some individuals exposed to doses of 600 mg d,| selegiline suf- 
fered severe hypotension and psychomotor agitation. Ai 

Since the ooti e inhibition of MAO B by selegiline hydrochloride is achieved only at doses in the range recom- 

mended for the treatment of Parkinson's disease (e.g., 10 mg/day), overdoses are likely to cause significant inhibition 
of both MAO A and MAO B. Consequently, the signs and symptoms of overdose may resemble those observed with 
marketed non-selective MAO inhibitors [e.g., tranylcypromine (PARNATE), isocarboxazide (MARPLAN), and — 
phenelzine (NARDIL)]. 


Overdose with Non-Selective MAO Inhibition zl 
NOTE: This section is provided for reference; it does not describe events that have actually been observed with se- 
legiline in overdose. Wia 


Characteristically, signs and symptoms of non-selective MAOI overdose may not appear immediately. Delays of up _ 
to 12 hours between ingestion of drug and the appearance of signs may occur. Importantly, the peak intensity of ag 
syndrome may not be reached for upwards of a day following the overdose. Death has been reported following over- 
dosage. Therefore, immediate hospitalization, with continuous patient observation and monitoring for a period of at 
least two days following the haa of such drugs in overdose is fecommended. 

The clinical picture of MAO! overdose varies considerably: its Severity may be a function of the amount of drug 
Consumed. The central nervous and cardiovascular systems are prominently involved. 

Signs and symptoms of overdosage may include, alone or in combination, any of the following: drowsiness, dizzi- 
ness, faintness, irritability, hyperactivity, agitation, severe headache, hallucinations, trismus, opisthotonus, convul- 
sions, and coma; rapid and irregular pulse, hypertension, hypotension and vascular collapse; precordial pain, — 
respiratory depression and failure, hyperpyrexia, diaphoresis, and cool, clammy skin. 4 


Treatment Suggestions for Overdose 
NOTE: Because there is no recorded experience with selegiline overdose, the followi suggestions are offered based 
upon the assumption that overdose may be modeled by non-selective MAO! ing. In any case, i 


i 
d 
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Treatment of overdose with non-selective MAOIs is symptomatic and supportive. Induction ta Tea or gastric 
against aspiration. Signs and symptoms of central nervous system stimulation, including convulsions, should be F 


system s 
should be avoided. Hypotension and vascular collapse should be treated with intravenous fluids and, if ne 
blood pressure titration with an intravenous infusion of a dilute pressor agent. It should be noted that ad 
agents may produce a markedly increased pressor ý w 

Respiration should be supported by appropriate measures, including management of the airway, use of 

a rye baad oy cme Jer aay —, as required. ; aid he ý- 
temperature monitored closely. Intensive management of hyperpyr required. Mai 

nance of fluid and electrolyte balance is essential. sie 


DOSAGE AND ADMINISTRATION: 
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New evidence: 

No difference between 
the cognitive 

effects of phenytoin 
and 


carbamazepine 





~ Results from: 
Comparative cognitive effects of anticonvulsants 


KJ. Meador, DW. Loring, K. Huh, B.B. Gallagher, DW. King 
Neurology. 1990;40:391-394. 


Patients receiving pepion and 
carbamazepine had virtually 
identical cognitive performances’ 


m Fifteen seizure patients treated with phenytoin, carbamazepine, 
and phenobarbital for 3 months each were given a cognitive 
evaluation at the end of each treatment period! 


m Cognitive tests were designed to assess deficits associated 
with anticonvulsants—impairments in memory, information 
processing, attention/concentration, and motor speed! 


m Mean cognitive scores and individual responses failed to 
suggest a trend toward differential effects! 





Mean scores* for cognitive measures 
Cognitive Measures Carbamazepine | Phenytoin | Phenobarbital 
Grapho-Motor Coding 48 48 43 




















































Simple Attention! 55 5.5 5.7 
Simple Attention‘ 4.0 [| 45 | 4.5 
Selective Reminding Test 53 59 49 
Repetitive Motor Speed 46 | 45 44 












Coordination/Motor Speed 
Decisional/Motor Speed 


72 73 74 

















-adapted from Meador et al, p 392' 


*On Decisional/ Motor Speed, it was desirable to achieve as low a score as possible. On all other tests, it was desirable to achieve as high a 
score as possible. However, there was no significant difference between scores of the three a ants on any test with the exception 
of Grapho-Motor Coding—the score for phenobarbital was significantly worse than for the other two anticonvulsants 

TDigit Span Forward *Digit Span Backward 





aoe poprous study design helped prevent patient 
= Selection bias—a flaw of most earlier studies 


m Randomized, double-blind, triple-crossover study design 
helped prevent patient selection bias' 


m Dosages were adjusted to be within the standard therapeutic 
range (phenytoin, 10 to 20 g/mL; carbamazepine, 6 to 12 pg/mL; 
phenobarbital, 15 to 40 wg/mL)' 
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Dilantin® KAPSEALS® (Extended Phenytoin Sodium Capsules, USP) 
Before prescribing, please see full prescribing information. A Brief Summary follows. 


INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
mal) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see 

Dosage and Administration and Clinical Pharmacology in the full prescribing information). 
CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 
WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
epilepticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
ation, or substitution of alternative antiepileptic medication arises, this should be done gradually. 
However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
belonging to the hydantoin chemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the 
development of lymphadenopathy (local or generalized) including benign lymph node 
hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resembling serum sickness, eg, 
fever, rash and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an extended period is indicated and 
every effort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
decrease serum levels. 

In view ofisolated reports associating phenytoin with exacerbation of porphyria, caution should 

be exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports suggests an association between the use of 
antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
to these women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 
than drug therapy in leading to birth defects. The great 
majority of mothers on antiepileptic medication deliver 
normal infants. It is important to note that antiepileptic drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures, because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
cases where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 
even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mental deficiency in children born to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measurement of serum 
phenytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 
guide to an appropriate adjustment of dosage. However, postpartum restoration of the original 
dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
or correct this defect and has been recommended to be given to the mother before delivery and 
to the neonate after birth. 

PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients 
with impaired liver function, elderly patients, or those who are gravely ill may show early signs 
of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to 
metabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
of induction; it appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) If the rash is 
of a milder type (measles-like or scarlatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced 
phenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same 
patients. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 
reported. Phenytoin may also raise the serum glucose level in diabetic patients. 

Osteomalacia has been associated with phenytoin therapy and is considered to be due to 
phenytoin’s interference with Vitamin D metabolism. 

Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. 
Appropriate diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and 
absence (petit mal) seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional states 
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referred to as “delirium.” “psychosis,” or “encephalopathy,” or rarely irreversible cerebellar 
dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels are recommended. Dose 
reduction of phenytoin therapy is indicated if plasma levels are excessive; if symptoms persist, 
termination is recommended. (See Warnings.) 

Information for Patients: Patients taking phenytoin should be advised of the importance of 
adhering strictly to the prescribed dosage regimen, and of informing the physician of any clinical 
condition in which itis not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first 
seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or 
which phenytoin may affect. Serum level determinations for phenytoin are especially helpful 
when possible drug interactions are suspected. The most commonly occurring drug interactions 
are listed below: 1. Drugs which may increase phenytoin serum levels include: acute alcohol 
intake, amiodarone, chloramphenicol, chlordiazepoxide, diazepam, dicumarol, disulfiram, 
estrogens, H>-antagonists, halothane, isoniazid, methylphenidate, phenothiazines, 
phenylbutazone, salicylates, succinimides, sulfonamides, tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium ions 
which interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid 
preparations containing calcium should be staggered in patients with low serum phenytoin levels 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, 
sodium valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic 
acid and sodium valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in 
susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efticacy is impaired by phenytoin 
include: corticosteroids, coumarin anticoagulants, 
digitoxin, doxycycline, estrogens, furosemide, oral 
contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may 
cause decreased serum levels of protein-bound iodine 
(PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may 
cause increased serum levels of glucose, alkaline phos- 
phatase, and gamma glutamy! transpeptidase (GGT). 
Carcinogenesis: See “Warnings” section for informa- 
tion on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug because 
phenytoin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered 
with phenytoin therapy are referable to this system and are usually dose-related. These include 
nystagmus, ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, 
insomnia, transient nervousness, motor twitchings, and headaches have also been observed. There 
have also been rare reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor 
and asterixis, similar to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving 
long-term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever have 
included scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most 
common: other types of dermatitis are seen more rarely. Other more serious forms which may 
be fatal have included bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens- 
Johnson syndrome, and toxic epidermal necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reported 
in association with administration of phenytoin. These have included thrombocytopenia, leuko- 
penia, granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow sup- 
pression. While macrocytosis and megaloblastic anemia have occurred, these conditions usually 
respond to folic acid therapy. Lymphadenopathy including benign lymph node hyperplasia, pseu- 
dolymphoma, lymphoma, and Hodgkin's Disease have been reported (see Warnings). 
Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptoms 
such as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic 
lupus erythematosus, immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimated 
to be 2 to5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are 
tremor, hyperreflexia, lethargy, slurred speech, nausea, vomiting. The patient may become 
comatose and hypotensive. Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where 
toxicity may occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 
mcg/mL, dysarthria and lethargy appear when the plasma concentration is over 40 mcg/mL, but 
as high a concentration as 50 meg/mL has been reported without evidence of toxicity. As much 
as 25 times the therapeutic dose has been taken to result in a serum concentration over 100 
mcg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and 
appropriate supportive measures employed. Hemodialysis can be considered since phenytoin 
is not completely bound to plasma proteins. Total exchange transfusion has been used in the 
treatment of severe intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be 
borne in mind. 
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Send manuscripts by first-class mail to the Chief Editor, Robert 
J. Joynt, MD, PhD, University of Rochester School of Medicine and 
Dentistry, 601 Elmwood Ave, Rochester, NY 14642. Manuscripts 
are received with the understanding that they are not under 
simultaneous consideration by another publication. Accepted 
manuscripts become the permanent property of the ARCHIVES and 
may not be published elsewhere without permission from the 
publisher (AMA). 

In addition, in view of The Copyright Revision Act of 1976, effective 
Jan 1, 1978, transmittal letters to the editor should contain the following 
language: “In consideration of the American Medical Association’s tak- 
ing action in reviewing and editing my submission, the author(s) under- 
signed hereby transfers, assigns, or otherwise conveys all copyright own- 
ership to the AMA in the event that such work is published by the AMA.” 
We regret that transmittal letters not containing the foregoing language 
signed by all authors of the submission will necessitate delay in review of 
the manuscript. 

Author Responsibility.— All accepted manuscripts are subject to 
copy editing. The author will receive an edited typescript rather 
than galley proofs for approval. The author is responsible for all 
statements in his work, including changes made by the copy 
editor. 

Designate one author as correspondent and provide his address 
and telephone number. Order reprints at the time the typescript is 
returned after editorial processing. Specify address to which 
requests for reprints should be sent. 

Manuscript Preparation.—Submit three high-quality copies of 
the entire manuscript. The copies will not be returned. The 
authors should keep the original manuscript for submission if 
accepted. The original manuscript (including references, legends, 
and tables) must be typed double-spaced on 21.6 X 27.9-cm 
8% X 11-in), heavy-duty white bond paper. Ample margins of at 
least 2.5 cm (1 in) should be provided. If a word processor is used, do 
not justify right-hand margins. 

Refer to patients by number (or, in anecdotal reports, by 
fictitious given names). Real names or initials should not be used 
in the text, tables, or illustrations. 

Titles.—Titles should be short, specific, and clear. They should 
not exceed 42 characters per line, including punctuation and 
spaces, and be limited to two lines, if possible. The title page 
should include the full names and academic affiliations of all 
authors, the address to which requests for reprints should be sent, 
and, if the manuscript was presented at a meeting, the name of the 
organization, place, and date on which it was read. 

Style of Writing.—The style of writing should conform to ac- 
ceptable English usage and syntax. Slang, medical jargon, obscure 
abbreviations, and abbreviated phrasing are to be avoided. 

Informed Consent.— Manuscripts reporting the results of experi- 
mental investigations of human subjects must include a statement 
to the effect that informed consent was obtained after the nature 
of the procedure(s) had been fully explained. 

Abstract.—Provide an abstract (135-word maximum) of the 
article, including statements of the problem, method of study, 
results, and conclusions. The abstract replaces the summary. 

References.—List references in consecutive numerical order (not 
alphabetically). Once a reference is cited, all subsequent citations 
should be to the original number. All references must be cited in 
the text or tables. Unpublished data and personal communications 
should not be listed as references. References to journal articles 
should include (1) author(s) (list all authors and/or editors up to 
six; if more than six, list the first three and “et al”), (2) title, (3) 
journal name (as abbreviated in Index Medicus), (4) year, (5) vol- 
ume number, and (6) inclusive page numbers, in that order. Refer- 
ences to books should include (1) author(s) (list all authors and/or 
editors up to six; if more than six, list the first three and “et al”), 
(2) chapter title (if any), (3) editor (if any), (4) title of book, (5) city 
of publication, (6) publisher, and (7) year. Volume and edition 
numbers, specific pages, and name of translator should be included 
when appropriate. The author is responsible for the accuracy and com- 
pleteness of the references and for their correct text citation. 

SI Units.—Use Système International (SI) measurements 
throughout the manuscript. (See June 1986 issue of the 
ARCHIVES.) 
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Illustrations.—The illustrations originally submitted will not be 
returned. High-quality copies may be used. Original illustrations 
should be kept by the author for submission if the manuscript is 
accepted. Use only those illustrations that clarify and augment 
the text. If accepted, submit illustrations in triplicate, unmounted 
and untrimmed. Do not send original artwork. Send high-contrast 
glossy prints (not photocopies). Figure number, name of senior 
author, and arrow indicating “top” should be typed on a gummed 
label and affixed to the back of each illustration. All lettering 
must be legible after reduction to column size. Artwork submitted 
for publication may be relettered to achieve uniformity of letter- 
ing style throughout the journal. Magnification and stain should 
be provided when pertinent. Illustrations should preferably be in 
a proportion of 12.7 X 7.3 em (5 X 7 in). 

An experienced medical illustrator should be employed whenev- 
er possible for the preparation of all artwork. Template lettering 
or preset type is preferred to hand-lettered labels. If halftone 
artwork with labels is submitted, affix type and leaders to a clear 
acetate overlay registered to the base drawing. Labels and leaders 
should be applied directly to the drawing board surface if the 
artwork consists only of line ink technique. 

Illustrations in full color are accepted for publication if the 
editors believe that color will add significantly to the published 
manuscript. The ARCHIVES will pay part of the expense of repro- 
duction and printing color illustrations, the remainder to be borne 
by the author or his sponsor. After deducting the ARCHIVES’ 
contribution, the author’s share is $400 for up to six square- 
finished illustrations that can be arranged on a one-page layout. 
Any additional illustrations or special effects will be billed to the 
author at cost. Positive color transparencies (35 mm preferred) 
must be submitted for an evaluation. Do not send color prints 
unless accompanied by original transparencies. All transparencies 
should be carefully packed and sent with the manuscript. 

Legends.—Legends should be typed double-spaced, beginning on 
a separate sheet of paper. Length should be limited to a maximum 
of 40 words. 

Photographic Consents.—A letter of consent must accompany all 
photographs of patients in which a possibility of identification 
exists. It is not sufficient to cover the eyes to mask identity. 

Acknowledgments.— Illustrations from other publications must 
be acknowledged. Include the following when applicable: 
author(s), title of article, title of journal or book, volume number, 
page(s), month, and year. The publisher’s permission to reprint 
should be submitted to the ARCHIVES after the manuscript has 
been formally accepted. 

Statistical Review.—Manuscripts containing statistical evalua- 
tions should include the name and affiliation of the statistical 
reviewer. 

Tables.—Each table should be typed double-spaced, including all 
headings, on a separate sheet of 21.6 X 27.9-em (8% X 11-in) 
paper. Do not use larger size-paper. If a table must be continued, 
use a second sheet and repeat all heads and stubs. Each table must 
have a title. 

Financial Disclosure.—In the cover letter, list all affiliations with, 
or financial involvement in, organizations or entities with a 
direct financial interest in the subject matter or material of the 
research discussed in the manuscript (eg, employment consultan- 
cies, stock ownership). All such information will be held in 
confidence during the review process. Should the manuscript be 
accepted, the Chief Editor will discuss with the author the extent 
of disclosures appropriate for publication. 

AMA Manual of Style—This 1988 edition, formerly the Manual 
for Authors & Editors, is available from Williams & Wilkins, 428 E 
Preston St, Baltimore, MD 21202. Single copy price: $26.95. A ship- 
ping charge is added on all orders not prepaid. If additional order- 
ing information is needed, or to order by telephone, call 1-800-638- 
0672. 

Proprietary Statement.—If the article discusses in any way a 
device, equipment, instrument, or drug, the author(s) must state 
in a footnote whether they do or do not have any commercial or 
proprietary interest in the product. Likewise, they must reveal 
whether they have any financial interest as a consultant, review- 
er, or evaluator. In addition, authors must disclose any financial 
interest owned by a spouse, minor child, blood-relative living in 
the same household, or known to be held by the author’s employer 
or partner. 


Instructions for Authors 


w 


Calendar 


1990 
Oct 


Nov 


Dec 


1991 
Jan 


Feb 


Arch Neurol—Vo! 47, October 1990 


14-17 


18-19 


20-26 


31-Feb 2 


15-17 


15-17 


CALENDAR OF MEETINGS 


Braintree Hospital’s 11th Annual Traumatic Head Injury Conference, Hilton Hotel, Dedham, Mass. 
Contact Jeffrey Cutler, Public Relations Department, 250 Pond St, Braintree, MA 02184; 1-800- 
333-2561. 

“Treatment of Obesity: A Multidisciplinary Approach,” Copley Plaza Hotel, Boston, Mass. Contact 
Harvard Medical School, 641 Huntington Ave, Boston, MA 02115; (617) 432-1525. 

Symposium on Etiology, Pathogenesis, and Prevention of Parkinson’s Disease, Atlanta (Ga) Hilton 
Hotel. Contact Dr John B. Penney, University of Michigan, 1103 E Huron St, Ann Arbor, MI 48103. 
Symposium on Hyperkinetic Movement Disorders, Atlanta (Ga) Hilton Hotel. Contact Dr William C. 
Koller, Department of Neurology, University of Kansas, 39th and Rainbow Blvds, Kansas City, KS 
66103. 

115th Annual Meeting of the American Neurological Association, Atlanta (Ga) Hilton. Contact The 
American Neurological Association, 2221 University Ave SE, Suite 350, Minneapolis, MN 55414; 
(612) 378-3290. 

American Neurological Association Annual Meeting, Atlanta, Ga. Contact American Neurological 
Association, 2221 University Ave SE, Suite 350, Minneapolis, MN 55414. 

The Eighth Conference of the South East European Society for Neurology and Psychiatry, Jeru- 
salem, Israel. Contact Conference Secretariat, PO Box 50006, Tel Aviv 61500, Israel. 

First International Meeting on Brain and Immunity, Sorrento, Italy. Contact Jean Gilder Congressi, 
via D Fontana 134/8, I-80128 Naples, Italy. 

Eighth Annual Advanced Neuroradiology Seminar, The Hyatt Regency Grand Cypress Hotel, Tampa, 
Fla. Contact Agnes Bridges, Program Coordinator, Radiological Services, The Tampa General 
Hospital, PO Box 1289, Tampa, FL 33601; (813) 251-7778. 

American Pain Society Annual Scientific Meeting, Adam's Mark Hotel, St Louis, Mo. Contact Amer- 
ican Pain Society, 5700 Old Orchard Rd, First Floor, Skokie, IL 60077-1024. 

Society for Neuroscience Annual Meeting, St Louis, Mo. Contact Society for Neuroscience, 11 Du- 
pont Cir NW, Suite 500, Washington, DC 20036; (202) 462-6688. 

Three-dimensonal Neuroimaging: Theory and Clinical Applications, Baltimore, Md. Contact Program 
Coordinator, The Johns Hopkins Medical Institutions, Office of Continuing Education, Turner Bldg, 
720 Rutland Ave, Baltimore MD 21205; (301) 955-2959. 

The Joint Convention of the Fifth International Child Neurology Congress and the Third Asian and 
Oceania Congress of Child Neurology, Chiba,Japan. Contact The Secretariat, c/o Simul Interna- 
tional Inc, Kowa Bldg No. 9, 8-10 Akasaka 1-chome, Minato-ku, Tokyo 107, Japan. 

Acute and Chronic Infections Affecting Brain Dysfunction and Behavior, Westin Hotel, Vancouver, 
British Columbia. Contact Ann McCormick, Southern California Neuropsychiatric Institute, 6794 La 
Jolla Blvd, La Jolla, CA 92037; (619) 454-2102. 

“Neuro-Oncology Update,” New York, NY. Contact Roberto Fuenmayor, Continuing Medical Ed- 
ucation Office, Memorial Sloan-Kettering Cancer Center, 1275 York Ave, New York, NY 10021; 
(212) 639-6754. 

“International Congress on Stress and Related Disorders,” Modena, Italy. Contact Scientific Sec- 
retariat, University of Modena, Via del Pozzo 71, 41100 Modena, Italy. 
Neurological / Neurosurgical Critical Care Course, The Ritz Carlton Hotel, Boston, Mass. Contact 
Mr Norman Schostak, Harvard Medical School, Department of Continuing Education, 25 Shattuck 
St, Boston, MA 02115. 

Fourth Course in Spanish of the American Academy of Neurology, Orlando, Fla. Contact Office of 
Continuing Education, State University of New York Health Science Center at Syracuse, 750 East 
Adams St, Syracuse, NY 13210; (315) 473-4606. 

“Family Caregiving Across the Lifespan,” Cleveland, Ohio. Contact May L. Wykle, University Cen- 
ter on Aging and Health, Case Western Reserve University, Cleveland, OH 44106; (216) 368-2692. 
“Treatment of Obesity: A Multidisciplinary Approach,” Copley Plaza Hotel, Boston Mass. Contact 
Harvard Medical School, 641 Huntington Ave, Boston, MA 02115; (617) 432-1525. 

1990 Neuro-Ophthalmology Course, Miami, Fla. Contact University of Miami School of Medicine, 
Bascom Palmer Eye Institute, PO Box 0-15869, Miami, FL; (305) 326-6099. 

30th annual meeting of the American Society for Cell Biology, San Diego, Calif. Contact Bruce Davis, 
Academia Book Exhibits, 3925 Rust Hill PI, Fairfax, VA 22030; (703) 691-1109. 


Annual Meeting of the American Academy of Pain Medicine, Clarion Castle Hotel and Resort, Miami 
Beach, Fla. Contact American Academy of Pain Medicine, 5700 Old Orchard Rd, First Floor, Skok- 
ie, IL 60077-1024; (708) 965-2776. 

18th Annual Meeting of the Southern Clinical Neurological Society, Camino Real Hotel, Cancun, 
Mexico. Contact Millie F. Walden, Executive Secretary, 3425 SW Second Ave, Suite 154, Gaines- 
ville, FL 32607; (904) 373-9765. 

14th annual course, “Neurology for Nonneurologists,"’ Omni San Diego (Calif) Hotel. Contact Edith 
S. Bookstein, Neurology for Nonneurologists, PO Box 2586, La Jolla, CA 92038; (619) 454-3212. 
Sixth Meeting of The International Study Group of the Pharmacology of Memory Disorders Asso- 
ciated with Aging, Zurich, Switzerland. Contact Professor Richard J. Wurtman, Bidg E25-604, 
Whitaker College, Massachusetts Institute of Technology, Cambridge, MA 02139. 

The 24th Annual Recent Advances in Neurology, San Francisco, Calif. Contact Extended Programs 
in Medical Education, University of California, Room C-124, San Francisco, CA 94143-0742; (415) 
476-4251. 
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EEG and EVOKED POTENTIALS: 
INTRAOPERATIVE AND ICU MONITORING 








January 3-6, 1991 
The Buena Vista Palace 
Lake Buena Vista, Florida 

In Walt Disney World Village 


















Course Directors: Betty L. Grundy, M.D., Michael E. Mahla, M.D. and 

William A. Friedman, M.D. 

FACULTY: Philip G. Boysen, M.D. Edward J. Hammond, Ph.D. 
Fred Bauman, R. EEG/R. EP T. Christopher F. James, M.D. 
Geraldine M. Chadwick, M.A. Steven A. Reid, M.D. 
Gian E. Chatrian, M.D. Frank W. Sharbrough, M.D. 
Jasper Daube, M.D. Kathryn A. Toney, B.S. 
Salvatore R. Goodwin, M.D. 


Learn all YOU need to know about EEG and Evoked Potential Mon- 
itoring 

A distinguished faculty will present indications methods, and inter- 
pretation techniques for EEG and evoked potential monitoring. Par- 
ticipants will be divided into small groups for a more personal, 
hands-on approach, using a wide variety of EEG and evoked potential 
systems. 

Course tuition is $500 ($550 after November 30, 1990). Cancellation 
of registration by written notification only prior to December 1, 1990. 
There is a $50 cancellation fee. This program has been approved for 
25 hours in Category | of the Physicians Recognition Award of the 
American Medical Association. 

For complete information contact Mrs. Carolyn Schoenau, Program 
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REFLECTIONS OF GREATNESS 


Gerald Ford, President: 1974 - 1977. 
Eagle Scout, 1927. 


“The child is father of the man.” Words- 
worth said it over one- hundred fifty 
years ago. The strengths ingrained in 

youth flourish with age. 








For more than seventy 
years, the Boy Scouts have 
perpetuated the ideals of 
America: honor, charac- 

ter, loyalty; duty to 

God, mankind, and 

country. 


It's not surprising 
ies some of our 
+ \ nation’s outstand- 
| ing citizens and 
| leaders have been 
9) Boy Scouts. 
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A three-year, $30 membership entitles you to a free Norman 
Rockwell print, as well as all of the benefits of a one-year 
membership. 

Write today ta 
National Boy Scout Alumni Family 
1325 Walnut Hill Lane ° Irving, Texas 75062 - 1296 


When the world 
_ turns upside 
down... 


Transderm Scõp 

is the better choice 
for motion sickness 
prevention 


e more effective than 25 mg meclizine 
and Dramamine”"? 


¢ better compliance because transdermal 
delivery is more convenient 


Transderm Scop’ 


scopolamine 
programmed delivery 
0.5 mg over 72 hrs 


oh 


` 
| E] 


X 

` 

Transderm Scōp should not be used in children. Use with k Ky 
special care in the elderly and in patients taking N 

drugs (including alcohol) capable of causing / D 

CNS effects. Dryness of the mouth occurs 


à 
K P, ~ in about two thirds of people. Please 
Wig, see Prescribing Information on 4 
next page before 


Mitty, 

hy 

tien tis, 
td 


wee oe us 
et ays 
oe a a 
See ld 
ane part" 











Transderm Scop” 


scopolamine 
(formerly Transderm-V) 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg of 
scopolamine over 3 days 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
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the incidence of motion-induced nausea and vomiting. 
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Antihelminthic Therapy for 
Neurocysticercosis 


To the Editor.—Sotelo et al'? report 
clinical trials comparing albendazole 
with praziquantel as therapy for neu- 
rocysticercosis. In a trial of very sim- 
ilar design, Alarcon et al’ compared 
two dosing schedules of albendazole. 
These trials “randomly allocated” 25! 
or 23? subjects to one of three groups. 
The active drug treatment groups were 
of equal size in both trials, with 10' or 
nine’ subjects in each treatment group, 
and the control (no treatment) group 
had five subjects in each trial. The 
outcome variable evaluated was the 
change in cyst size as demonstrated by 
computed tomography. These reports 
are illustrative of the ills replicated in 
clinical trials touting various pharma- 
cologic regimens in the treatment of 
neurocysticercosis. In these and other 
putatively seminal clinical trials in 
this disorder, several easily identified 
problems limit the utility of the data. 
The interpretation of these trials is 
particularly important, given the fre- 
quency with which neurocysticercosis 
is diagnosed and treated by physicians 
in the United States who are not inti- 
mately acquainted with the disease. 
These active control trials were un- 
blinded and not placebo controlled; the 
control group had no treatment, not 
placebo. Thus the designs fail to pro- 
tect against potential bias in patient 
selection or evaluation of outcome. The 
treatment groups were small, almost 
certainly predisposing the treatment 
comparison to a no-difference outcome 
if statistical analysis had been per- 
formed. In addition, the outcome vari- 
able was the change in cyst size as 
demonstrated by computed tomogra- 
phy, but this was implied by the au- 
thors to correspond to a change in the 
clinical outcome of neurocysticercosis 
(clearly not the same thing). Com- 
pounding these problems, studies used 
as support for the efficacy of prazi- 
quantel are similarly flawed in that 
they were not blinded or randomized, 
had historical control groups or indi- 
viduals who served as their own con- 
trols, and regarded computed tomo- 
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graphic appearance as a change in 
clinical outcome.’ These untenable as- 
sumptions make the active control 
trial' even more unreasonable as proof 
of efficacy. 

Recent data regarding the untreated 
(without antihelminthics) natural his- 
tory of neurocysticercosis indicate 
that all patients given enough time 
with acute neurocysticercosis, as indi- 
cated by cystic nonenhancing, none- 
dematous lesions, have an improve- 
ment in computed tomographic ap- 
pearance with either calcification or 
normalization of the computed tomo- 
graphic scan in time.** Up to 55% of 
individual lesions may disappear.’ 
These same reports clearly indicate 
that in parenchymal lesions, clinical 
presentation usually occurs during 
larval involution when the cyst be- 
comes edematous with ring enhance- 
ment on computed tomography and 
then proceeds toward normalization or 
calcification just as is noted with anti- 
helminthic therapy. The authors!” 
have indicated that antihelminthics 
rapidly led to parasite death producing 
adverse experiences with clinical ex- 
acerbation during treatment and rapid 
increase in inflammatory reaction on 
computed tomographic scan. Taken in 
toto this may mean that an inevitable 
outcome without therapy, improve- 
ment in computed tomographic scan, is 
hastened at the expense of increased 
local scarring. 

Antihelminthic agents, although 
unproven in well-controlled, random- 
ized, double-blind clinical trials, may 
in fact hasten larval demise (I suspect 
they do). If so, then as the authors have 
suggested,’? an acute aggressive in- 
flammatory response following ther- 
apy may lead to a more profound cere- 
bral cicatrix than might occur if only 
palliative therapy was given. Patients 
with normalized computed tomo- 
graphic scans have been shown to be 
abnormal by magnetic resonance im- 
aging. Therefore, the outcome variable 
should be clinical outcome, not com- 
puted tomographic appearance. This 
requires a much larger population of 
properly randomized subjects, who are 
followed up for a long period of time. In 


addition, data*ć indicate that the nat- 
ural history may be such that little if 
anything is gained by this therapy in 
the usual patient (one not in need of 
surgery). A clinical trial such as this 
should certainly be feasible and is nec- 
essary if these therapies are to be 
properly evaluated. 

Lynn D. KRAMER, MD 

Wallace Laboratories 


Half Acre Road 
Cranbury, NJ 08512 
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In Reply.—Kramer detects some ills 
replicated in trials for drug treatment 
of neurocysticercosis conducted by us! 
and by others; each of these “ills” has 
been previously discussed by us,” ac- 
tually, we believe that some points 
that for Kramer are ills, for us are the 
strength of our trials: A different pro- 
tocol of drug therapy has to be planned 
for every disease considering its pecu- 
liarities, there is not a universal recipe 
for all drug trials; in our trials we have 
chosen imaging studies for evaluation 
of therapeutic response precisely to 
avoid the subjective clinical evaluation 
so highly recommended by Kramer 
that is quite misleading in the case of 
neurocysticercosis due to its complex 
clinical picture that depends on sev- 
eral factors related to number, loca- 
tion, stage of lesions, and individual 
immunological factors‘; double-blind, 
placebo-controlled trials are useful in 
studies where subjective evaluation of 
symptoms is to be made, evaluation of 
imaging studies that has been the rule 
in our studies is objective, fairly pre- 
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cise, and reliable. Kramer mentions 
that some neurocysticercosis lesions 
might spontaneously disappear with 
time, then, he should agree with our 
design to use the same patient as a 
control, since we have documented 
chronic persistence of lesions in every 
patient included in drug trials, in some 
cases for as long as 10 years of follow- 
up, then, if cysts are destroyed by 8 
days of treatment, evidence of drug ef- 
ficacy is overwhelming; in my opinion, 
even more than if the results were only 
compared with carefully matched pla- 
cebo-treated control subjects in whom 
the possibility of spontaneous disap- 
pearance of cysts exists. Nevertheless, 
contrary to Kramer’s affirmation, in 
every report, matched untreated con- 
trols have been included. The corner- 
stone evaluation in our trials has been 
the imaging studies as they provide 
precise unbiased information, but also 
the evaluation has been clinical and we 
have recorded clear improvement in 
patients treated with cysticidal drugs,‘ 
but clinical improvement is not our 
principal evaluation parameter be- 
cause of the uncertainties of neurocys- 
ticercosis that we have amply 
described.° Finally, parenchymal cys- 
ticercus spontaneously disappear in 
some children, but in adults, where the 
disease is far more common, they usu- 
ally remain unchanged for a long time. 
Later, if they disappear, a granuloma 
usually remains as a permanent seque- 
la. This granuloma is the cause of 
epilepsy that is difficult to control.’ In 
sharp contrast, in about 80% of paren- 
chymal cysts successfully destroyed by 
drugs, no residual granuloma is left; 
another reason for early drug treat- 
ment of parenchymal cysticercosis. 
JULIO SOTELO, MD 
Research Division 
Instituto Nacional de Neurologia 
y Neurocirugia 


Insurgentes Sur 3877 
14410 Mexico 22, DF, Mexico 
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In Reply.—The effectiveness of the 
antihelminthic therapy for neurocys- 
ticercosis has been questioned by 
Kramer.' The doubts are based on the 
fact that the studies carried out using 
antiparasitic drugs to treat neurocys- 
ticercosis were unblinded and not pla- 
cebo controlled,”* and that, in the stud- 
ies carried out by Kramer et al,'” it is 
shown that the nonenhancing and 
nonedematous cystic lesions in pa- 
tients who were not administered an 
antiparasitic treatment improved 
spontaneously in computed tomo- 
graphic appearance over time. 

In 1984, we implemented in our de- 
partment a protocol for the treatment 
of neurocysticercosis.* Of the 190 pa- 
tients who were included in the neuro- 
cysticercosis protocol, 23 who met the 
previously established selection crite- 
ria for the shortened trial with 
albendazole’ were chosen. The total 
number of these patients was enlarged 
to 40.° The results of our series, broad- 
ened to 40 patients,’ show 74% resolu- 
tion of the cystic lesions after 1 year of 
follow-up. A percentage of 72.5 of these 
40 patients were clinically asympto- 
matic and took no medication whatso- 
ever 1 year after taking albendazole; in 
20 (71.4%) of the 28 patients who had 
epilepsy, the anticonvulsive drugs 
were withdrawn between 6 and 12 
months after albendazole therapy. 

Kramer et al,’ on the basis of a non- 
standardized retrospective study with 
computed tomography that includes 
very heterogeneous parenchymal le- 
sions in distinct evolutionary stages,’ 
attempt to document and simplify 
knowledge of the complex natural his- 
tory of neurocysticercosis. The studies 
of Kramer, as well as those of other 
authors,'! deny the usefulness of anti- 
parasitic medication even though the 
majority of the lesions of their series 
do not correspond to viable cysts, 
which is the only moment of the evolu- 
tionary stage of the parenchymal le- 
sions when the antiparasitic drugs 
should be used.?** In the so-called 
acute phase of Kramer’s studies,’ pic- 
tures of encephalitis’? are presumably 
included. An acute evolutionary phase 
from enhancing lesion to nonenhanc- 
ing cyst, not described before, is men- 
tioned and badly documented by this 
author. In the so-called chronic phase, 
Kramer et al’ include 17 cases with 
nonenhancing cystic lesions (sup- 
posedly viable cysts) that were re- 
solved in a period of 4 years of follow- 
up. 

In the nonenhancing parenchymal 
brain cysts, in the majority of cases an 
improvement in the computed tomo- 
graphic scan is not expected for long 


periods of time.** In our series, the 
computed tomographic appearance did 
not change in almost all the patients, 
including the untreated control group, 
prior to the short course of albendazole 
therapy. In the checkups during and 
after treatment with albendazole, im- 
portant neurological manifestations 
and changes took place in the cere- 
brospinal fluid or computed tomo- 
graphic scan. The untreated control 
group did not show any changes during 
the trial. The antiparasitic medication 
accelerated the death of the nonen- 
hancing cystic lesion. The large num- 
ber of cysts that disappeared 1 month 
after the antiparasitic therapy had 
ended,°* and the fact that 70% of the 
patients were still asymptomatic 1 
year after the antiparasitic treat- 
ment®* provides the best evidence of 
the patients’ favorable response to the 
antihelminthic therapy. There is no 
definite evidence that the antiparasitic 
drugs produce a more profound cere- 
bral cicatrix than symptomatic ther- 
apy. A double-blind placebo-controlled 
study would contribute to reassert the 
usefulness of antiparasitic drugs in the 


treatment of neurocysticercosis. 
FERNANDO ALARCON, MD 
JORGE Moncayo, MD 
IvAN VINAN, MD 
Casilla 8991 
Sucursal 7 
Quito, Ecuador 
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NIMOTOP modulates calcium influx to promote cerebral perfusion, 
and may directly protect neurons?’ 


“[In animals] The beneficial cytoprotective effect of nimodipine, probably related to normalization 
of calcium homeostasis and blood-brain barrier permeability after ischemia, may reflect both 
vascular and cellular sites of action.” 
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Nimotop® (nimodipine) is indicated for the improvement of neurological deficits due to spasm 0.35 mg/kg 30mg 60 mg 90 mg 120 mg 
following subarachnoid hemorrhage from ruptured congenital intracranial aneurysms in patients Sign/Symptom (n= 82) (n=71) (n= 494) (n=172) (n=4) (n= 479) 
who are in good neurological condition post-ictus (e.g. Hunt and Hess Grades 1-111). Oral ———— TaD Tap an 706) o > 
Nimotop® therapy should begin within 96 hours of the subarachnoid hemorrhage and continue Nausea (1.2) 1 (1.4) 6 (1.2) (0.6) 
for 21 days. Dy nea r2) 0 0 0 
J 
CONTRAINDICATIONS Abnormalities 0 1(14) 0 1(0.6) 0 0 
None known. Tachycardia 0 1(14) 0 0 0 0 
PRECAUTIONS Bradycardia 0 0 5 (1.0) 1(0.6) 0 0 
General: Blood Pressure: Nimodipine has the hemodynamic effects expected of a calcium Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 1(0.6) 0 0 
channel blocker, although they are generally not marked. In patients with subarachnoid hemor- Acne 0 1 (1.4) 0 0 0 0 
thage given Nimotop® in clinical studies, about 5% were reported to have had lowering of the Depression 0 1 (1.4) 0 0 0 0 


blood pressure and about 1% left the study because of this (not all could be attributed to 
nimodipine). Nevertheless, blood pressure should be carefully monitored during treatment with 
Nimotop® based on its known pharmacology and the known effects of calcium channel blockers. 

Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic 
function. Such patients should have their blood pressure and pulse rate monitored closely and 
should be given a lower dose (see Dosage and Administration). 

Laboratory Test Interactions: None known. 

Drug Interaction: It is possible that the cardiovascular action of other calcium channel 
blockers could be enhanced by the addition of Nimotop®. 

In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive 
capo taken concomitantly by patients suffering from hypertension: this phenomenon was 
not observed in North American clinical trials. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Ina two-year study, higher incidences 
of adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were po in rats 
given a diet containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day nimodipine) 
than in placebo controls. The differences were not statistically significant; however, the higher 
rates were well within historical control range for these tumors in the Wistar strain. Nimodipine 
was found not to be carcinogenic in a 91-week mouse study but the high dose of 1800 ppm 
nimodipine-in-feed (546 to 774 mg/kg/day) shortened the life expectancy of the animals. 
Mutagenic studies, including the Ames, micronucleus and dominant lethal tests were negative. 

Nimodipine did not impair the fertility and general reproductive performance of male and 
female Wistar rats following oral doses of up to 30 mg/kg/day when ted daily for more 
than 10 weeks in the males and 3 weeks in the females prior to mating and continued to day 7 of 
pregnancy. This dose in a rat is about 4 times the equivalent clinical of 60 mg q4h in a 50 kg 
patient. 

ncy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect 
in Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral (by 
gavage) doses of 1 and 10 mg/kg/day administered from day 6 through day 18 of pregnancy but not 
at 3.0 mg/kg/day in one of two identical rabbit studies. inthe second study an increased incidence 
of stunted fetuses was seen at 1.0 mg/kg/day but not at higher doses. Nimodipine was embryo- 
toxic, Causing resorption and stunted growth of fetuses, in Long Evans rats at 100 mg/kg/day 
administered gavage from day 6 through day 15 of pregnancy. In two other rat studies, doses of 
30 day nimodipine administered by gavage from day 16 of gestation and continued until 
sacrifice (day 20 of pregnancy or day 21 post partum) were associated with higher incidences of 
skeletal variation, stunted fetuses and stillbirths but no malformations. There are no adequate 
and well controlled studies in pregnant women to directly assess the effect on human fetuses. 
niimodi ine should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 

Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk 
at concentrations much higher than in maternal plasma. It is not known whether the drug is 
excreted in human milk. Because many drugs are excreted in human milk, nursing mothers are 
advised not to breast feed their babies when taking the drug. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage 
(11.2%) who were given ni ipine. The most frequently reported adverse experience was 
dec lood pressure in 4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated 
patients also reported —— experiences. The events reported with a frequency greater than 1% 














are displayed below by è 
DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg 
Sign/Symptom (n= 82) (n=71) (n= 494) (n=172) (n=4) (n= 479) 
Decreased 
Blood Pressure 1 (1.2) 0 19 (3.8) 14(8.1) = 2(50.0) 6 (1.2) 
Abnormal Liver 
Function Test 1 (1.2) 0 2 (0.4) 1(0.6) 0 7 (1.5) 
ma 0 0 2 (0.4) 2(1.2) 0 3 (0.6) 
Diarrhea 0 3 (4.2) 0 3(1.7) 0 3 (0.6) 
Rash 2 (2.4) 0 3 (0.6) 2(12) 0 3 (0.6) 
Headache 0 1 (1.4) 6 (1.2) 0 0 1 (0.2) 
Gastrointestinal 
toms 2 (2.4) 0 0 2(1.2) 0 0 
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There were no other adverse experiences reported by the patients who were given 0.35 mg/kg 
gth, 30 mg q4h or 120 mg q4h. Adverse experiences with an incidence rate of less than 1% in the 
60 mg q4h dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; 
anemia; palpitations; vomiting; flushing; duahateiie wheezing; phenytoin toxicity; lighthea- 
dedness; dizziness; rebound vasospasm; jaundice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg q4h dose group were: 
itching; gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; disseminated 
intravascular coagulation; deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on 
increased incidence with higher dose or a higher rate compared to placebo control, included 
decreased blood pressure, edema and headaches which are known pharmacologic actions of 
calcium channel blockers. It must be noted, however, that SAH is frequently accompanied by 
alterations in consciousness which lead to an under reporting of adverse experiences. Patients 
who received nimodipine in clinical trials for other indications reported flushing (2.1%), 
headache (4.1%) and fuid retention (0.3%), typical responses to calcium channel blockers. Asa 
calcium channel blocker, nimodipine may have the potential to exacerbate heart failure in 
susceptible patients or to interfere with A-V conduction, but these events were not observed. 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohy- 
drate metabolism five been causally associated with oral nimodipine. Isolated cases of non-fast- 
ing elevated serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet counts 
(0.3%), elevated alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) have been 
reported rarely. 

OVERDOSAGE 

There have been no reports of ove from the oral administration of Nimotop®. Symp- 
toms of overdosa; ould be expected to be related to cardiovascular effects such as excessive 
peripheral vasodilation with marked systemic hypotension. Clinically significant hypotension 
due to arcs overdosage may require active cardiovascular support. Norepinephrine or 
dopamine may be helpful in restoring blood pressure. Since Nimotop® is highly protein-bound, 
dialysis is not likely to be of benefit. 

DOSAGE AND ADMINISTRATION 

Nimotop® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subarach- 
noid hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days. Oral 
Nimotop® therapy should commence within 96 hours of the subarachnoid hemorrhage. 

If the capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is unconscious, 
a hole should be made in both ends of the capsule with an 18 gauge needle, and the contents of the 
capsule extracted into a syringe. The contents should then be emptied into the patient's in situ 
naso-gastric tube and washed down the tube with 30 mL of normal saline (0.9%). 

Patients with hepatic failure have substantially reduced clearance and approximately doubled 
Cm: Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood pressure 
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Original Contributions 


No Evidence for Human T-cell Leukemia Virus Type I 
or Human T-cell Leukemia Virus Type II Infection 
in Patients With Multiple Sclerosis 


A. Perl, MD, PhD; K. Nagy, MD; T. Pazmany, PhD; C. Isaacs; 


K. Baraczka, MD; T. Szabo, MD; J. Feher, MD 


@ The involvement of human T-cell leu- 
kemia viruses (HTLVs) in the pathogenesis 
of 18 Hungarian patients with multiple 
sclerosis was investigated. No antibody to 
HTLVs could be detected in any of the pa- 
tients. Furthermore, using polymerase 
chain reaction under highly sensitive con- 
ditions, neither HTLV-I DNA nor HTLV-II 
DNA could be noted in peripheral blood 
lymphocytes of the patients. Our data do 
not support a causal association of HTLV-I 
or HTLV-II with multiple sclerosis. 

(Arch Neurol. 1990;47: 1061-1063) 


Human T-cell leukemia virus type I 

(HTLV-I) has been causally asso- 
ciated with adult T-cell leukemia/ 
lymphoma.: Another human T-cell 
leukemia virus, termed HTLV-II, has 
been isolated from two atypical cases 
of hairy cell leukemia.’ Serological 
and molecular genetic evidence was 
also provided for the involvement of 
HTLV-I in the pathogenesis of tropic 
spastic paraparesis or HTLV-I-asso- 
ciated myelopathy.’ However, associ- 
ation of HTLV-I with multiple sclero- 
sis (MS), another neurological disor- 
der, has been controversial. The 
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involvement of HTLV-I in MS was 
originally based on enzyme-linked im- 
munosorbent assay and in situ hybrid- 
ization data.° By contrast, two other 
groups failed to detect HTLV-I se- 
quences in patients with MS by in situ 
DNA hybridization and enzyme-linked 
immunosorbent assay.” With the ad- 
vent of the highly sensitive poly- 
merase chain reaction technology, it 
became obvious to re-test for the pres- 
ence of HTLV-I sequences in a low fre- 
quency cell population of patients with 
MS. Most recently, the presence of 
HTLV-I-homologous DNA sequences 
has been reported in six of six’ and six 
of 21 patients with MS." These results 
could not be confirmed by Bangham et 
al"! and Richardson et al.” 

Since the presence or absence of 
HTLV-I in patients with MS, a proto- 
type immunological disorder affecting 
the central nervous system,” is a ques- 
tion of fundamental importance, we 
have also investigated the possible in- 
volvement of HTLV-I and of HTLV-II 
in the causation of MS in Hungarian 
patients. While HTLV-I is not endemic 
in Hungary,“ MS is the major demy- 
elinating disease in the country. Hu- 
man T-cell leukemia virus type I is en- 
demic in many regions of Japan,” and 
shown to be present in a high percent- 
age of intravenous drug abusers in the 
United States. By contrast, in Hun- 
gary, HTLV-I antibody was only de- 
tected in two of 96 human immunode- 
ficiency virus type I-infected individu- 
als and was not noted in 420 patients 
with T-cell leakemia/lymphoma or in 


320 normal blood donors (K.N., unpub- 
lished observations, 1990). Thus, acci- 
dental infection with HTLV-I was not 
expected to compromise our findings. 

Eighteen (16 female and two male) 
patients with a mean age of 39 years 
(range, 27 to 55 years) were examined 
over a period of 1 year. Informed con- 
sent was obtained from all patients 
participating in the study. The pa- 
tients were diagnosed 2 to 25 years 
(mean, 9 years) prior to the study and 
have been followed at the Department 
of Neurology of Weil Emil Hospital 
(Budapest, Hungary). They all ful- 
filled the criteria for a definite diagno- 
sis of MS according to Poser et al.” 
Five patients were in remission, while 
13 were in the chronic progressive 
stage of disease. 

Serum samples from the patients 
were tested for circulating antibody 
against HTLV-I by an enzyme-linked 
immunosorbent assay using mi- 
croplates precoated with disrupted 
virion particles (Organon, Durham, 
NC). Each assay included at least four 
negative (normal serum samples) and 
two positive controls (serum samples 
from patients with adult T-cell leuke- 
mia). All patients with MS were re- 
peatedly found negative for antibody 
to HTLV-I (data not shown). 

To determine if DNA sequences ho- 
mologous to HTLV-I were present in 
the patients with MS, genomic DNA 
from peripheral blood lymphocytes 
was subjected to gene amplification 
using the polymerase chain reaction." 
Extreme precaution was exercised to 
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Top, Southern blot analysis of polymerase chain reaction 
through 18) and of human T-cell leukemia virus (HTLV)-I-i 
specific 236-nucleotide product was reproducibly amplified 
One microgram of MS DNA samples and 100 ng of SLB-I 
cleotide product. No specific DNA product could be amplifi 
blot analysis of polymerase chain reaction products ampli 
labeled oligonucleotide probe, tax-3, corresponding to a re 
pair. The 159-nucleotide fragment amplified from SLB-I ( 
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no band was detected in any of the MS samples.''® 


prevent cross-contamination. As illus- 
trative examples have recently shown, 
anti-contamination measures are es- 
pecially important in diagnostic labo- 
ratories assaying for viral DNA in 
low-frequency cell populations.’ For 
primer pair selection, regions of HT- 
LY-I showing homology to human en- 
dogenous retroviral sequences have 
been avoided.?>! 

Genomic DNA was isolated from 
peripheral blood lymphocytes of 18 
patients with MS (samples 1 through 
18) and from HTLV-I infected SLB-I 
cells (S) as earlier described.2 Ge- 
nomic DNA of 12 normal donors was 
also studied. Normal DNA samples 
were examined in every experiment to 
exclude carryover contamination. Ge- 
nomic DNA (1 ug) was subjected to 
polymerase chain reaction amplifica- 
tion with gag(+) and gag(—) primers 
under the following conditions: dena- 
turing at 94°C for 1 minute, annealing 
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at 50°C for 1 minute, and primer ex- 
tension at 72°C for 1 minute in 30 
cycles. The gag(+) (5’-CCGTAGCGC- 
TAGCCCTATT-3’, corresponding to 
nucleotide positions 841-859 of HTLV- 
I”) and gag(—) (5’-GGTTTGGAT- 
GAGTATGTG-3’, corresponding to 
nucleotide positions 1093-1076 of 
HTLV-I”) primers, harbor a 236-nu- 
cleotide-long fragment in the viral ge- 
nome. Following amplification, 10 ul of 
the 100-u] polymerase chain reaction 
volume was electrophoresed in a 2% 
agarose gel, transferred to a nylon 
membrane in 0.4 sodium hydroxide, 
and hybridized to a third end-labeled 
gag-specific primer, gag-3 (5’-TTA- 
ATGGGACAGATCCGAG-3’ corre- 
sponding to nucleotide positions 1014- 
996 of HTLV-I). The specific 236 nu- 
cleotide product was reproducibly am- 
plified from SLB-I cells, visualized in 
ethidium bromicle-stained gels, and 
detected by hybridization to the gag-3 





products from genomic DNA of 18 patients with MS (samples 1 
nfected SLB-I cells (S). Using the gag(+) and gag(—) primers, a 
from SLB-I cells and detected by hybridization to the gag-3 probe. 
DNA were analyzed in the gels shown. Dash indicates a 236-nu- 
ed from as much as 10 ug of MS DNA samples. Bottom, Southern 
fied with tax(+) and tax(—) primers and hybridized to a third end- 
gion central to the fragment flanked by the tax(+) and tax(—) primer 
S) and Mo-T (M) DNA strongly hybridized to the tax-3 probe, while 


probe (Figure [left]). No specific DNA 
product could be amplified from as 
much as 10 ug of MS DNA samples, 
which corresponds to approximately 
10° cells. 

Antibodies to HTLV-I and HTLV-II 
usually cross-react, thus, HTLV-I en- 
zyme-linked immunosorbent assay 
methods do not differentiate between 
the two viruses. It has been shown that 
in two of 27 intravenous drug abusers, 
infection by HTLV-II was only detect- 
able by the polymerase chain reaction, 
but not by HTLV-I-based serological 
methods." This suggests that in a few 
cases the polymerase chain reaction 
may be the only method sensitive 
enough to detect infection by HTLV-II. 
To investigate the presence of HTLV- 
II sequences in genomic DNA of pa- 
tients with MS, we used a set of prim- 
ers (tax(+) primer, 5’-CGGATAC- 
CCAGTCTACGT-3’; taax(—) primer, 
5’-GAGCCGATAACGCGTCCATCG- 
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3’) specific for the tax/rex regions of 
HTLY-I and of HTLV-II that show 
sufficient homology to detect either 
proviral DNA." The polymerase chain 
reaction products amplified with tax 
(+) and tax(—) primers were subjected 
to Southern blot analysis and hybrid- 
ized to a third end-labeled oligonucle- 
otide probe (tax-3, 5’-TGCTCTGGA- 
CAGGTGGCCAG-3’, nucleotide posi- 
tions 7455-7474 in HTLV-I,” and 
nucleotide positions 7345-7374 in 
HTLV-II‘) corresponding to a region 
central of the fragment flanked by the 
tax(+) and tax(—) primer pair. As 
shown in the Figure (right), the 159 
nucleotide fragment amplified from 
SLB-I (S) and Mo-T (M) DNA strongly 
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hybridized to the tax-3 probe, while no 
band was detected in any of the MS 
samples.'"* 

To further increase sensitivity for 
detecting HTLV-I/II sequences, one 
tenth of a primary polymerase chain 
reaction volume (10 ul) was reampli- 
fied using tax-3 as a nested primer," in 
combination with the taa(+) primer. 
This “nested re-polymerase chain re- 
action” resulted in an additional 10*- 
fold increase of a 117-nucleotide frag- 
ment bounded by tax(+) and tax-3 as 
derived of the primary 159-nucleotide 
polymerase chain reaction product 
from SLB-I and Mo-T DNA (data not 
shown). Thus, a total of 10°-fold am- 
plification could be achieved. This 
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meant that DNA equivalent to as little 
as a single cell could have been de- 
tected in MS DNA samples. 

While our data do not rule out a ret- 
roviral cause in MS or the presence of 
HTLVs in some of the patients with 
MS in areas endemic for HTLV-I, the 
absence of HTLV-I and HTLV-II DNA 
and the lack of antibody activity in 18 
of 18 patients practically excludes a 
causal association of HTLV-I and HT- 
LY-II with MS in these patients. 
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Failure to Detect Human T-cell Leukemia Virus-Related 
Sequences in Multiple Sclerosis Blood 


Irvin S. Y. Chen, PhD; Allyson M. Haislip; Lawrence W. Myers, MD; George W. Ellison, MD; Jean E. Merrill, PhD 


@ We tested 11 patients with multiple 
sclerosis for the presence of human T-cell 
leukemia virus type | (HTLV-I)- or type II 
(HTLV-Il)-related sequences. DNA from 
blood mononuclear cells was analyzed by 
the polymerase chain reaction utilizing 
three different oligonucleotide primer 
pairs. Two of these primer pairs detect 
sequences shared between HTLV-I and 
HTLV-II in either p24, gag protein, or in 
p21, env transmembrane protein. The 
third primer pair was synthesized based on 
regions in the po/ gene where amino acid 
sequences are conserved between HTLV- 
|, HTLV-II, and the related bovine leukemia 
virus. The multiple sclerosis samples were 
consistently negative while appropriate 
control samples were positive. We con- 
clude that viruses related to HTLV-I, HTLV- 
Il, or bovine leukemia virus are not present 
in the blood of patients with multiple scle- 
rosis and, therefore, that HTLV-bovine leu- 
kemia virus-related viruses are not likely 
to be involved in the pathogenesis of mul- 
tiple sclerosis. 

(Arch Neurol. 1990;47:1064-1065) 


Multiple sclerosis (MS) is a chronic 

inflammatory demyelinating dis- 
ease of the central nervous system of 
unknown cause. Typically patients 
have a relapsing and remitting course 
for many years, and then enter a more 
indolent worsening course of chronic 
progression. Because of their propen- 
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sity to cause chronic and sometimes 
relapsing and remitting inflammatory 
demyelinating disease in animals, ret- 
roviruses have long been considered as 
possible etiologic agents for MS.'! 
Human T-cell leukemia virus type I 
(HTLV-I) appears to be the etiologic 
agent for HTLV-I-associated myelop- 
athy (HAM) also known as tropical 
spastic paraparesis (TSP), a chronic 
progressive demyelinating myelop- 
athy.? Human immunodeficiency virus 
type I (HIV-1) may also cause a chronic 
progressive myelopathy.’ The report 
by Koprowski et al‘ that patients with 
MS have elevated levels of antibodies 
to human T-cell leukemia viruses 
(HTLV) and the cerebrospinal fiuid 
cells from patients with MS contained 
RNA that hybridizes with HTLV-I en- 
hanced interest in retroviruses in MS. 
This interest was piqued by the reports 
of Reddy et al and of Greenberg et al® 





Virus 





Polymerase Chain Reaction (PCR) Primers for Human T-cell Leukemia Virus-Bovine 
Leukemia Virus Detection * 


Source 


that HTLV sequences were detected in 
DNA of peripheral blood mononuclear 
cells of some patients with MS by the 
polymerase chain reaction method. We 
have approached this question differ- 
ently by designing primers (“degener- 
ate oligonucleotides”) for the poly- 
merase chain reaction from regions of 
HTLV-I and HTLV-II that are highly 
conserved at either the nucleotide or 
amino acid sequence level. The primers 
were synthesized as mixtures of oligo- 
nucleotides that should not only detect 
HTLV-I and HTLV-II, if present, but 
also related retroviruses. No HTLV- 
related sequences were detected in pe- 
ripheral blood mononuclear leuko- 
cytes of patients with MS. 


SUBJECTS AND METHODS 


After obtaining informed consent, mono- 
nuclear cells were isolated from the venous 
blood of 11 patients with clinically definite 










PCR Oligonucleotide 
































































11- HTLV-I/-II gag,t p24 GAGGGAGGAGCAAAGGTACTG 
T 
12+ HTLV-I/-il gag, p24 AGCCCCCAGTTCATGCAGACC 
T 
35+ HTLV-I/-ll env, p21 GTCTGGCTTGTCTCCGCCCT 
G 
36-— HTLV-I/-Il env, p21 TGGGAAATATCTTTGTCCACCTC 
GG A 
Cc G 
2a degenerate HTLV-I/-ll pol Asn His lle Trp AACCACATTTGGCAAGGAGA 
BLV Gin Gly Asp Le FA G Cc 
T F T 
2b degenerate HTLV-I-II pol His Val Trp Val TTAGTGTCAACCCAAACGTG 
BLV Asp Thr Phe G A G G A 







* HTLV indicates human T-cell leukemia virus; BLV, bovine leukemia virus. 


tgag indicates the gene for group-specific antigens: env, gene for envelope proteins; and pol, gene for re- 


verse transcriptase. 


+The accepted convention for three-letter amino acid designations and one-letter nucleotide designations is 
shown. Where more than one nucleotide was used at a given position, they are indicated above or below the 


line. 
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Pree 


ae 
Gig 
ao Rs 


MS1 
Mo-T 
SLB-I 





Analysis of DNA samples with human T-cell 
leukemia virus (HTLV)-I/-I] degenerate poly- 
merase chain reaction (PCR) primers. Indi- 
cated DNA samples were analyzed with the po/ 
PCR primers shown in the Table. All PCR am- 
plifications were 5 ug of DNA, with the excep- 
tion of Mo-T and SLB-I, which contained 5 ng 
of DNA. Following PCR amplification, samples 
were subjected to electrophoresis on a 6% 
polyacrylamide gel, and bands were visualized 
by autoradiography. MS1 is DNA from periph- 
eral blood mononuclear cells of one patient 
with multiple sclerosis, and IVDA (II) and IVDA 
(I) represent DNA samples from intravenous 
drug abusers infected with HTLV-II or HTLV-I, 
respectively. Mo-T is an HTLV-ll-infected cell 
line, and SLB-I is an HTLV-I-infected cell line. 


MS.’ All subjects were in the chronic pro- 
gression phase. DNAs were amplified with 
three different oligonucleotide primer pairs 
(Table) using the polymerase chain 
reaction.*!! Two of these primer pairs were 
designed to detect sequences shared be- 
tween HTLV-I and HTLV-II in either p24, 
gag protein, or in p21 env transmembrane 
protein (Table). These primers were syn- 
thesized as mixtures of oligonucleotides 
such that minor sequence differences be- 
tween HTLV-I and HTLV-II were equally 
represented in the mixtures. The third oli- 
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gonucleotide primer pair was synthesized 
based on regions in the pol gene where 
amino acid sequences are conserved be- 
tween HTLV-I, HTLV-II, and the related 
bovine leukemia virus. We utilized the de- 
generacy of the genetic code to synthesize 
mixtures of oligonucleotides that would in- 
clude most possible combinations of nucle- 
otide sequence encoding the conserved 
amino acid sequences. 


RESULTS 


None of the 11 samples from pa- 
tients with MS were positive by the 
polymerase chain reaction with the 
three primer pairs used. Patients with 
HTLV-I-associated adult T-cell leu- 
kemiaand HTLV-I-associated myelop- 
athy/tropical spastic paraparesis 
(HAM/TSP) were strongly positive 
(not shown). Other positive controls 
were DNA samples from peripheral 
blood mononuclear leukocytes of car- 
riers of HTLV-I- and HTLV-II-posi- 
tive intravenous drug abusers where 
only a small proportion (0.01 to 0.001) 
of mononuclear cells are infected with 
virus.’ One example of the analysis is 
shown in the Figure. 


COMMENT 


Our results are consistent with 
those of Baugham et al!’ and Richard- 
son et al’ who were unable to find 
HTLV-I sequences in MS peripheral 
blood mononuclear leukocytes. We 
conclude that viruses related to HT- 
LV-I, HTLV-II, or bovine leukemia vi- 
rus are not present in the blood of pa- 
tients with MS at levels detectable for 
carriers of HTLV-I and HTLV-II, and 
therefore, that HTLV-bovine leukemia 
virus-related viruses are not likely to 
be involved in the pathogenesis of MS. 
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Apneic Oxygenation in Apnea Tests for 


A Controlled Trial 


Stephen J. Marks, MD, James Zisfein, MD 


@ We performed a prospective con- 
trolled study of apneic oxygenation on 15 
patients undergoing apnea tests for brain 
death. All patients were preoxygenated 
with 100% oxygen at existing respirator 
settings. During the 10-minute apnea 
tests, nine patients were given continuous 
apneic oxygenation by tracheal cannula. 
The other six patients had tracheal tubes 
open to room air. The patients given ap- 
neic oxygenation had little or no hypoxia 
by the end of the test. The patients given 
room air during the test became hypoxic. 
Many neurologists perform apnea tests 
with no oxygenation or with preoxygen- 
ation alone. This is the first prospective 
controlled study (to our knowledge) of ap- 
neic oxygenation; it shows that preoxy- 
genation alone does not prevent hypoxia 
during apnea tests for brain death. We 
recommend that all apnea tests be per- 
formed with apneic oxygenation. 

(Arch Neurol. 1990;47:1066-1068) 


Apnea testing is required for the di- 

agnosis of brain death. Hypoxia 
should be avoided during apnea tests. 
Techniques of preventing hypoxia in- 
clude preoxygenation (oxygen given by 
ventilator before the test) and apneic 
oxygenation (oxygen given by passive 
diffusion during the test). 

According to a recent study,' most 
apnea tests are performed without ap- 
neic oxygenation. This may be ex- 
plained, in part, by the absence of con- 
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trolled human studies showing benefit 
of apneic oxygenation. 


PATIENTS AND METHODS 


We performed a prospective controlled 
study of apneic oxygenation on 15 patients 
(Table 1) undergoing apnea tests for brain 
death. All patients were deeply comatose 
with absent brain-stem reflexes and no 
spontaneous respirations. All patients were 
preoxygenated with 100% oxygen at exist- 
ing ventilator settings for 10 minutes im- 
mediately before the apnea test. All apnea 
tests lasted for 10 minutes. A single apnea 
test was performed on each patient. 

During the apnea test, six of the 15 
patients had tracheal tubes open to room 
air. The other nine patients were given 
continuous apneic oxygenation with 15 L/ 
min of 100% oxygen delivered to the tra- 
chea by cannula. The cannula was threaded 
to the lower end of the tracheal tube. Arte- 
rial blood gas specimens were obtained be- 
fore preoxygenation, before the apnea test, 
and after the apnea test. Randomization 
was not used, but there was no conscious 
bias in group assignments. 















Patient Age, y 





5/43 

6/46 
7/30 
8/36 
9/52 





10/42 
11/37 
12/20 
13/27 


Table 1.—Age and Cause of Death in 15 Brain Dead Patients 


Oxygenated Patients 


1/24 Brain trauma with subdural hematoma and contusion 
2/31 Brain trauma with subdural hematoma 
3/72 Anoxic ischemic encephalopathy from cardiac arrest 
4/29 Spontaneous intracranial hemorrhage 


Brain trauma, gunshot wound 
Spontaneous intracranial hemorrhage, hypertension 
Brain trauma with contusion 

Spontaneous intracranial hemorrhage 
Spontaneous intracranial hemorrhage, aneurysm 


Nonoxygenated Patients 
Spontaneous intracranial hemorrhage, hypertension 
Brain trauma with subdural hematoma and contusion 
Brain trauma with diffuse edema 
Spontaneous intracranial hemorrhage, cocaine use 
Anoxic ischemic encephalopathy from cardiac arrest 

Spontaneous intracranial hemorrhage, aneurysm 


Brain Death 


RESULTS 


Preoxygenation increased the Pao, 
concentration in all patients (Table 2) 
from a mean of 106 mm Hg (range, 54 
to 172 mm Hg) to 266 mm Hg (range, 
88 to 431 mm Hg). Paco, concentration 
did not change materially during 
preoxygenation. 

Patients given apneic oxygenation 
had a substantially higher Pao, con- 
centration at the end of the apnea test 
than did patients given room air (Ta- 
ble 2). The mean Pao, concentration 
was 198 mm Hg (range, 59 to 392 mm 
Hg) for oxygenated patients and 26 
mm Hg (range, 16 to 48 mm Hg) for 
nonoxygenated patients. The differ- 
ence was highly significant (t test, 
P = .005). 

The Paco, increased in all patients 
during the apnea test (Table 2) from a 
mean of 30 mm Hg (range, 21 to 42 mm 
Hg) to 56 mm Hg (range, 41 to 76 mm 
Hg), an increase of 2.6 mm Hg per 


Cause of Death 
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dW 


After 
Apnea 


Before 
Apnea 


Before 


Patient Preoxygenation 


Table 2.—Blood Gases and Blood Pressures * 


Before ` Before After 
Preoxygenation Apriea Apnea 


Before 
Preoxygenation 


Blood Pressure 


After 
Apnea 


Befo-e 
Apnea 


After 
Apnea 


Before 
Apnea 





141 307 392 


Oxygenated Patients ` 


32 35 70 7.40 





172 431 + 367 


7.37 7.13 60/38 68/39 





25 K 53 7.46 


7.46 7.19 94/60 80/50 





117 279 287 


46 e 76 7.36 


7.37 7.26 102/63 76/52 





106 250 281 


27 43 7.56 


7.56 7.34 132/101 141/102 





80 252 171 


39 7 67 7.40 





142 303 84 


7.40 7.20 70/30 78/26 





29 47 -7.21 





145 - 390 76 


7.24 7.14 112/66 54/35 





26 41 7.55 


7.55 7.36 65/palp 65/paip 





1 
2 
3 
4 
5 
6 
7 
8 


76 164 62 





36 : 58 7.36 


7.38 7.21 60/palp 50/palp 





60 149 59 


25 iraa 7.41 


7.40 55/palp 





281 


31 55 


Nonoxygenated Patients 
23 66 


7.25 O/palp 


NA 





25 45 


84/palp 





59 


65/palp 





59 





140/60 





49 


150/60 





64 


95/50 





57 


*Values are given in millimeters of mercury. Palp indicates palpitation; NA, information not available. 
tSubcutaneous emphysema and thoracic inflation developed. 
+Spontaneous movements of presumed spinal origin occurred during test, including arching of back (patients 11 and 12), turning of neck (patient 12), and stiffening 


of lower limbs (patient 15). 


§Cardiac arrest at.9 minutes (postapnea gases taken at 9 minutes). 
||Widening of the QRS interval of the electrocardiogram at 9 minutes of apnea with atrial bigeminy. 


minute. Patients receiving apneic oxy- 
genation had a slightly lower mean 
rate of Paco, rise (2.5 mm Hg per 
minute) than nonoxygenated patients 
(2.8 mm Hg per minute), but the dif- 
ae was not significant (t test, 

= 60). 

ae patients breathed during the 
test. Three patients had spontaneous 
movements of presumed spinal origin. 
One patient given apneic oxygenation 
developed subcutaneous emphysema 
and thoracic inflation. One patient not 
given apneic oxygenation had a cardiac 
arrest. All patients were declared dead 
at the end of the test. 


COMMENT. 


This study, the first prospective con- 
trolled study of apneic oxygenation, to 
our knowledge, demonstrated that ap- 
neice oxygenation is necessary to pre- 
vent hypoxia during 10-minute apnea 
tests for brain death. Hypoxia is un- 
safe at any time during an apnea test. 
Preoxygenation alone (with 10 min- 
utes of 100% oxygen) did not prevent 
hypoxia by the end of the apnea test, 
but did insure good oxygenation at the 
start of the test. If preoxygenation is 
not performed, the Pao, must be 
checked and found adequate before 
proceeding with the test. We recom- 
mend that all apnea tests be performed 
with both preoxygenation and apneic 
oxygenation. 
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Apneie oxygenation was first dem- 


- onstrated to be effective in humans in 


1959 Several methods of oxygen de- 
livery have been used. We and others’ 
used a tracheal cannula. Positive end- 
expiratory pressure® also provides ex- 
cellent results; unfortunately, many 
ventilators are unable to-provide pos- 
itive end-expiratory pressure without 
giving intermittent ventilations. T- 
piece apneic oxygenation is effective,’* 
despite concerns that the Venturi ef- 
fect could limit oxygen delivery.’ 

A theoretical problem with oxygen- 
ation by cannula is carbon dioxide 
washout.’ In our study, the rate of car- 
bon dioxide rise was slower with the 
cannula than without it, but the dif- 
ference was small (2.5 vs 2.8 mm Hg 
per minute, respectively) and statisti- 
cally insignificant. We used a fast ox- 
ygen flow rate of 15 L/min; slower 
rates might have eliminated carbon 
dioxide washout entirely. 

A practical problem with the can- 
nula was subcutaneous emphysema 
(patient 9). We believe that subeuta- 
neous emphysema was caused by use of 
a large-diameter cannula that wedged 
tightly in the tracheal tube, preventing 
outflow of gas. We now use, and rec- 
ommend, small-diameter suction cath- 
eters (with the thumb hole taped 
closed) for use as tracheal cannulas. 

` Despite 10 minutes of apnea, six of 
our 15 patients had a Paco, of less than 





50 mm Hg by the end of the test. Many 
authorities would consider such apnea 
tests inadequate. Apnea tests are per- 
formed to stimulate respiratory cen- 
ters in the brain stem by inducing hy- 
perearbia. The amount of hypercarbia 
necessary to stimulate respiration is 
controversial. Suggested Paco, levels 
have been 44,” 50 to 55," 1 60,213 and 80 
to 90 mm Hg.‘ 

There are literature reports of five 
patients undergoing apnea tests who 
did not breathe until Paco, exceeded 40 
mm Hg. One was a premature infant of 
37 weeks’ gestation who breathed at a 
Paco, of 59 mm Hg.“ The other pa- 
tients were adults who “breathed” at a 
Paco, of 45 to 56 mm Hg”! Respira- 
tory activity in the adult patients was 
described as “shallow, irregular, and 
ineffective’? or simply as “spontane- 
ous respiratory movements.”’ Rhyth- 
mic, sustained. respirations were not 
described. It is unclear, therefore, if 
these patients were truly breathing. 
Ropper and associates have docu- > 
mented respiratorylike movements of 
spinal origin, including intercostal 
expansion’? and forced exhalation,” 
which oceur during apnea tests. Such 
movements are ineffective in promot- 
ing gas exchange. We suspect that the 
respirations reported with a Paco, of 
more than 40 mm Hg were actually 
spinal respiratorylike movements, and 
agree with Ropper et al” that a Paco, 


Brain Death—Maerks & Zisfein 1067 


of 40 mm Hg is probably adequate to 
induce breathing in a patient capable 
of breathing. 

We recognize, however, that some 
authorities will not diagnose brain 
death unless apnea is demonstrated 
with a Paco, of 50 or 60 mm Hg. Sev- 
eral techniques are available for 
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achieving higher Paco, values during 
apnea tests, including carbon dioxide 
cartridges, longer apnea tests,’ and the 
use of methods other than the cannula 
for oxygen delivery (to reduce carbon 
dioxide washout).’ The most logical 
method for raising end-of-test Paco,, 
however, is to start the test with a 
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Geographic Patterns of Parkinsonism-Dementia 


Complex on Guam 
1956 Through 1985 


Zhen-xin Zhang, MD; Dallas W. Anderson, PhD; Nathan Mantel, MA 


® Average annual age-adjusted inci- 
dence rates of parkinsonism-dementia 
complex were obtained for the 19 election 
districts of Guam from 1956 through 1985. 
The highest rates were found in the south- 
ern and central districts, and the lowest 
rates were found in the northern and west- 
ern districts. Geographic and temporal 
patterns of incidence were associated 
with socloeconomic status but not with 
geochemical factors. The risk of parkin- 
sonism-dementia complex in susceptible 
sibships was much higher than that in the 
general population— even in districts with 
the highest incidence rates, but especially 
in districts with the lowest incidence rates. 
Our evidence tends to support the hypoth- 
esis that multiple factors linked to cycad 
use play an important role in the cause of 
PDC. Hypotheses related to metal expo- 
sure and simple genetic factors were un- 
satisfactory explanations for the epidemi- 
ologic patterns observed. 

(Arch Neurol. 1990;47:1069-1074) 


Te reassess some well-known hy- 

potheses regarding the cause of 
parkinsonism-dementia complex 
(PDC) on Guam, we undertook a geo- 
graphic study of the incidence of that 
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_ disease, based on the island’s election 


districts and taking account of re- 
cently identified cases. Previous geo- 
graphic studies of PDC cn Guam per- 
tained to regions, selected villages, or 
both. The most recent (comprehen- 
sive) findings for villages date from the 
early 1970s. We wished to avoid using 
regions in our gecgraphic analysis, as 
they were too heterogeneous with re- 
spect to environmental characteristics 
and life-styles of inhabitents. We pre- 
ferred election districts tc villages, be- 
cause the former were zhe smallest 
defined areas with data available for 
cases and population. 

Our research covered the years from 
1956 through 1985. We sought caus- 
ative clues by investigating geographic 
and temporal patterns in the incidence 
of PDC and by relating incidence 
to demographic charactezistics, geo- 
chemical factors, and familial aggre- 
gation. 


MATERIALS AND METHODS 


Guam is a volcanic and coral island in the 
Mariana Islands. Although i: is only ap- 
proximately 30 miles long anc 4 to 8 miles 
wide,! the island contains distinct geologic 
areas: the northern third is a zoralliferous 
limestone plateau, the central third isa mix 
of limestone flats and low voleanic hills, and 
the southern third is a voleanic massif. The 
surface soil in the volcanic ar2as contains 
large amounts of aluminum, iron, manga- 


nese, and'other metals.** The v2getation on, 


Guam is tropical, witk dense cycad forests 
growing in limestone areas.’ 

For centuries, villagers used Hour derived 
from cycad seeds as a source o? food’; they 
also used fresh flour to make pcultices.? Al- 
though cycad seeds are highly toxic, the 
native Guamanians (Chamorros) knew how 
to eliminate much of the toxicity when pro- 
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cessing flour from them. That type of flour 
was consumed heavily during the food 
shortage years of World War II, especially 
in Umatac, a village of southern Guam. It 
was used lass extensively in the postwar 
years, as the food habits of the Chamorros 
became increasingly Americanized and 
wheat flour was imported.?”* Cassava, an- 
other tropical plant, was also a potentially 
toxic source of food for Chamorros during 
World War IL? , 

Fresh water on Guam traditionally came 
from rainfall, natural springs, and shallow 
rivers. The first water supply system, orig- 
inating at Fena reservoir, was established 
in the 1930s to serve military installations 
and nearby villages in the western districts. 
In the 1960s, approximately 60 deep wells 
were drilled in the northern and central 
districts to produce water for public use. It 
was not, however, until 1977 that water 
from wells was available to the southern 
districts to supplement the spring water 
there.‘ 


Data Resources 


In this investigation, we restricted our 
attention to definite cases of PDC. Clinical 
and neuropathologic criteria for diagnosis 
are described in a companion article.” The 
cases pertained to persons with onset on 
Guam, including natives and immigrants. 

The case registry on Guam was the source 
of incidence cata for the period of study— 
1956 through 1985. Cases diagnosed in 
1986 and 1987 were included if onset oc- 
curred within the period of study. The reg- 
istry also cortained information on first- 
degree relatives and spouses of persons 
with PDC. The completeness of the registry 
is difficult to judge. Case ascertainment 
may have beer better before 1970 than more 
recently; it may also have been better in 
some districts than in others. We assumed 
that there were no serious deficiencies in 
case ascertairment to interfere with our 
geographic and temporal comparisons. 
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The 19 election districts of Guam are 
shown in Fig 1. Population data for the dis- 
tricts were obtained from the US Bureau of 
the Census.!!¥ . 


Data Analysis 


The age distribution of the 1960 Cha- 
morro population was used to compute 
directly standardized ‘incidence rates, for 
which 95% confidence limits (CL) were 
obtained." ` 

Shaded statistical maps were used to 
compare distri¢t-specific rates for incidence 
with corresponding total rates on Guam. 
Following an-approach presented by Pickle 
et al,” the incidence rate for a district was 
said to be “significantly different from the 
Guam rate” if the 95% CL of the district 
rate failed to include the value for Guam. 
When no cases occurred, the zero rate was 
tested for significance by reference to the 
Poisson distribution.’ ; 

Spearman and Pearson correlation coef- 
ficients were used to indicate statistical as- 
sociations of average annual age-adjusted 
incidence rates of PDC with previously 
published demographic characteristics!” 
and geochemical measurements! at the 
village/district level, 

A method developed by Li and Mantel’? 
was applied in the computation of the pro- 
portion of siblings affected by PDC to cor- 
rect for bias that resulted because only sib- 
ships with at least one affected member 
were considered. The effect of this correc- 
tion is to provide estimates of risk in 
sibships susceptible to PDC. 


RESULTS 


On Guam, PDC has almost exclu- 
sively affected Chamorros. At the dis- 
trict level, however, age- and sex-spe- 
cific population data were generally 
available only for Chamorros and non- 
Chamorros combined. It was neces- 
sary to use such data in the calculation 
of adjusted incidence rates and corre- 
lation coefficients. Pi 

To assess this approach, we under- 
took a district-by-district comparison 
of the average annual age-adjusted in- 
cidence rates of PDC for all residents 
vs Chamorros. The comparison, pre- 
sented in Table 1, relied on 1960 dis- 
trict-level population data, which hap- 
pened to be available for Chamorros as 
well as for all residents. All persons 
known to have onset of PDC during 
1956 through 1965 were Chamorro, ex- 
cept for one Filipino man who lived in 
Sinajana. For each sex separately, the 
ranking of districts according to ob- 
served incidence rates was similar for 
all residents and Chamorros, espe- 
. cially women. For example, the dis- 

tricts with the five highest and five 
lowest rates were virtually the same 
for the groups compared. These obser- 
vations suggest that the ranking of 
risks by district was largely indepen- 
dent of the proportions of Chamorros 
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Fig 1.—Map showing election districts of Guam. 


in district populations—at least for 
1956 through 1965. 


Geographic Distribution 


An overview of the geographic dis- 
tribution 'of average annual age-ad- 
justed incidence rates for PDC is given 
in Table 2 and Fig 2. During 1956 
through 1985, for both sexes combined, 
the districts with rates significantly 
higher than the overall average were 
scattered in southern and central 
Guam (Umatac, Inarajan, Sinajana, 
Yona, and Barrigada); the districts 
with significantly lower rates were 
concentrated in northern and western 
Guam (Dededo, Piti, Santa Rita, Asan, 
and Tamuning). When men and wom- 
en were considered separately, the five 
districts with the highest rates were 
the same for both, except that Bar- 
rigada should be replaced by Merizo 
for meri only. Umatae, in southern 


Guam, had remarkably high rates for 
both sexes. The geographic differences 
in the risk of PDC showed a northwest- 
southeast gradient. : 

Examination of the temporal pat- 

terns shown in Table 2 yielded the fol- *~ 
lowing observations: (1) In nearly all 
districts, a decline in incidence rates 
occurred with time for each sex but 
later for women. (2) Larger declines 
occurred in zhe five districts with high 
rates of PDC. (8) The northwest-south- 
east gradient diminished with time. (4) 
By 1981, the epidemic of PDC seemed 
to disappear outside the southern dis- 
tricts (Umatac, Inarajan, Merizo, and 
Talofofo). 


Correlation Coefficients 


We computed correlation coeffi- \— 
cients between average annual age- ` 
‘adjusted incidence rates and various 
demographic and geochemical mea- 
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Table 1.—Average Annual Age-Adjusted Incidence Rates (per 10C 000) of 
Parkinsonism-Dementia Complex on Guam: 1956-1965 * 


Men 
A ——— rt 0, 
. AH 
District 


Residents Chamorros 


Women 
e 
‘Ali 


District Residerts Chamorros 





Asan ot (0) o (0) 


Dededo ot © o (0) 





Agana o (0) 0 (0) 


Asan (O° o (0) 





Santa Rita 7t (3) 39 (3) 


Pii (0. o (0) 





Piti uttu) 20 (1) 


Agat (0 0 (0) 





Agat 17 (3) 20 (3) 


Merizo (0 o (0) 





Tamuning 21 (7) 51 (7) 


Sinajana (2. 8 (2) 





Dededo 26 (4) 40 (4) 


Santa Rita (2. 18 (2) 





Mangilao 27 (3) 45 (3) 


Agana {E 11 (1) 





Mongmong-Toto-Maite {3) 55 (3} 


fnarajan {1 “411) 





Merizo 38 (2) 42 (2) 


Mangilao ion 14 (1) 





Agana Heights 38 (5) 67 (5) 


Chalan-Pago-Ordot {1 15 (1) 





Yigo 41. (5) 96 (5) 


Talofofo (i: 16 (1) 





Barrigada 45 (12) 66 (12} 


‘Agana Heights (2: 19 (2) 





Talofofo 55 (3) 58 (3) 


Mongmong-Toto-Maite {2> 23 (2) 





Chalan-Pago-Ordot 74 (6) 85 (6) 


Tamuning (4: 28 (4) 





Yona 82 {7} 104 (7) 


Barrigada &: 27 (6) 





Inarajan 95 (8) 105 (8) 


Yigo (2: 31 (2) 





Sinajana 954 (18) 106 (17) 


Yona ( 52 (5) 





Umatac 273¢ (8) 274 (8) 


Umatac 222% (71 222 (7) 





Total Guam 32 (98) 62 (97) 


* incidence rates were adjusted for age by a direct method to the 1960 Chamorro popu ation on Guam. Num- 


Total Guam 16 (37) 19 (37) 





bers in parentheses indicate the number of incident cases. 
+Significantly lower than the Guam rate (P < .05, two-tailed test). 
Significantly higher than the Guam rate (P < .05, two-tailed test). 


surements at the district level. Demo- 


graphic characteristics from the 1950” _ 


and 1960" censuses were chosen for 
analysis because corresponding data 
were unavailable from earlier cen- 
suses. The following statistically sig- 
nificant (P < .05) Spearman rank cor- 
relation coefficients were obtained: 
number of persons per household 
(1950), r=.81 in men and r= .63 in 
women; median school years com- 
pleted (1950), r= —.74 in men; and 
median income per family (1960), 
r= ~.74 in men. The only other demo- 
graphie characteristic considered was 
population density (1950 and 1960), 
and no statistically significant corre- 
lation coefficient was obtained. 
Garruto et al’! published concentra- 
tions of trace and essential elements in 
drinking water and garden soil for the 
villages/districts of Guam. Although 
too numerous to mention, we consid- 
ered each of these geochemical mea- 
surements. For water sources, the 
following statistically significant 
(P < .05) Pearson correlation coeffi- 
cients were obtained: iron, r = .74 in 


“men and r = .71 in women; and silica, 


r= 54 in men. (See related discussion 
in the “Comment” section.) No statis- 
tically significant association was 
found for elements from soil sources. 


Familial Aggregation 


“Family” refers herein to first-de- 
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gree relatives and spouses. We do not 
distinguish between siks and half-sibs. 
A total of 340 persons were known to 
have developed PDC on Guam during 
1956 through #985. OZ the 334 with 
available family histories, 140 (42%) 
gave a history of PDC—including 10 
with affected parents, 121 with af- 
fected sibs, eight with affected off- 
spring, and nine with affected spouses. 
The 140 persons (81 men and 59 
women) were distributed in 68 families 
from all districts, except Piti. The 
doubly affected parents (ie, nine cou- 
ples) had 69 children, none of whom 
were known to have developed PDC. By 
the end of 1987, 57 werestill alive; their 
ages ranged from 24 to 66 years (medi- 
an, 42 years). 

Shown in Table 3 are the estimated 
risks of PDC in susceptible sibships for 


districts with low, medium, and high- 


rates of PDC. These risks are appar- 
ently 12 to 92 times higher than in the 
general population. 


COMMENT 


Many Guamanians were uprooted 
during World War I] and had to reset- 
tle in other areas of the island. Agana, 
the capital, embraced about 75% of 
Guam’s population at the beginning of 
the war. The town was destroyed in 
1944, forcing a dramatic migration of 
its people to cther areas within the 
northern and central part of the 
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island?” In contrast, the population in 
southern and western Guam, below 
Agana, remained relatively stable’ 

The extensive redistribution of Gua- 
manians has exacerbated the problem 
of pinpointing causative agents for 
PDC. Practical necessity prompted us 
to base our district-specific rates on 
place of residence at onset to examine 
risks of PDC. for geographic areas 
within Guam. The migration patterns 
on the island suggest, for the high-rate 
districts, that incidence rates of PDC 
based on place of residence at onset 
substantially reflected the risk of ac- 
quiring PDC there. On the other hand, 
our approach probably overstated the 
risk of acquiring PDC in the low-rate 
districts because some individuals 
whose onset of PDC occurred there 
might have lived previously (and been 
exposed to causative agents) in the 
high-raze districts. 

In earlier reports, the highest mor- 
bidity and mortality rates of PDC per- 
tained to the southern region, namely, 
Umatac, Inarajan, Merizo, and 
Talofofo.> This result, however, was 
somewhat misleading, because ex- 
tremely high rates in Umatac domi-° 
nated the regional estimate. Our find- 
ings indicate that the districts with the 
highest incidence rates either for men 
or for women were not all located in 
that southern region. For example, 
Sinajana, Yona, and Barrigada, three 
districts in central Guam, had signifi- 
cantly higher rates for both sexes com- 
pared with corresponding rates for the 
entire population. 

The cbserved patterns, geographic 
and temporal, in the incidence of PDC 


suggest that its endemic nature on 


Guam may disappear in the near fu- 
ture. Although there were consider- 
able differences in the district-specific 
incidence rates for the decade 1956 
through 1965, these differences dimin- 
ished greatly in succeeding decades 
because of declines in the rates of 
nearly ell districts on Guam (especial- 
ly the high-rate ones). After 1980, no 
new cases were discovered in 11 of the 
19 districts; moreover, only isolated 
cases of PDC have been found outside 
the southern districts (Umatac, Inara- 
jan, Merizo, and Talofofo). 

The geographic patterns for women 
resembled those for men, suggesting 
common risk factors. For women, how- 
ever, the rates were generally lower, 
and became zero earlier and more 
widely (Table 2). In a separate study,” 
we also found similar patterns of ac- 
quiring PDC for both sexes, except for 
a time lag in the peak incidence for 
women. The distinctions in patterns 
between the sexes might be due to 
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complicated interactions of environ- 
mental exposure (dosage) and human 
response. 


Socioeconomic Factors 


The districts with higher risks for 
PDC tended to be those with lower so- 
cioeconomic levels, as indicated by in- 
come, education level, and family size, 
especially for men. On Guam, large 
families generally reflected low socio- 
economic status. 

After World War II, the presence of 
large military bases and major harbor 
facilities and the establishment of 
commercial centers accelerated eco- 
nomic development and American con- 
tact in northern, central, and western 
districts.™ Those districts, compared 
with southern ones, generally experi- 
enced an earlier decline in the inci- 
dence of PDC during the 30 years 1956 
through 1985 and the condition virtu- 
ally disappeared by 1981, possibly be- 
cause of their earlier and wholesale 
introduction of American culture and 
foodstuffs. : 

The persistence of endemic PDC in 
the southern districts might be due, in 
part, to the region’s geographic isola- 
tion and poverty. Rugged terrain and 
the difficulty of maintaining satisfac- 
tory transportation across the rivers 
acted as barriers to migration and de- 


layed regional development in the - 


lower third of the island. The people 
there, in contrast to Guamanians from 
other areas, relied longer on a subsis- 
tence economy and retained the tradi- 
tional culture and life-style for a 
longer period, especially in regard to 
dietary habits, suggesting that the 
risk of developing PDC on Guam was 
related to socioeconomic level. 


Familial Aggregation 


On Guam, during 1956 through 1985, 
there was a high level of familial 
aggregation for PDC, with approxi- 
mately 42% of cases being familial; 
also, the risk of PDC in susceptible 
sibships was much higher than that in 
the general population. Familial ag- 
gregation might have been due to com- 
mon environmental factors, a genetic 
influence, or both. 

The hypothesis that PDC is inher- 
ited remains unproved. The following 
observations from our work raise 
doubts about that hypothesis: (1) The 
risk of acquiring PDC seemed to de- 


cline substantially on Guam after the | 


early 1950s. (2) The risk of PDC in 
Chamorros who migrated as children 
apparently decreased with the change 
of environment from Guam to other, 
distant places.® (8) Endemie PDC 
likely disappeared in the northern, 
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Both Sexes: Overall Rate = 13/ 100000 





| Females: Overall Rate = 10/1C0000 








Males: Overall Rate = 17/100 000 


Significantly Higher Than the 
Corresponding Overal! Rate 


Not Significantly Different From 
the Corresponding Overall Rate 





Significantly Lower Than the 
Corresponding Overall Rate 








Fig 2.— Distribution of average annual age-adjusted incidence rates of parkinsonism-dementia 
complex by district for all residents of Guam, 1956-1985. Individual maps are provided for both 
sexes combined and for males and females separately. The patterns are based on comparisons 
of the district-specific rates with the corresponding overall rate for Guam. 


central, and western districts (Table 
2). (4) Socioeconomic status was asso- 
ciated with the geographic pattern of 
the occurrence of PDC. (5) The risk to 
susceptible sibs (men and women) was 
about 8% to 11% (Table 3), much less 
than would be expected on the basis of 
any simple monogenic hypothesis. (6) 
The offspring of persons with PDC did 
not have an increased risk for the dis- 
order. For example, as mentioned in 
the “Results” section, among 140 per- 
sons with familial PDC, 121 had af- 
fected sibs but only eight had affected 
offspring; moreover, none of the nine 


couples doubly affected with PDC had - 


offspring who eventually developed 
PDC. By 1985, a large proportion of the 
offspring of persons with PDC had 
reached the ages of risk (ie, older than 
the youngest age at onset for PDC), 
because 81% of their parents were 
born during the years 1886 through 


1920." ; 

The high level of familial aggrega- 
tion of PDC on Guam may have re- 
sulted simply from common exposures 
within the family unit. On the other 
hand, it may have resulted from com- 
mon exposures in the presence of he- 
reditary susceptibilities. 


Metal Exposure 


Yase” and others** have suggested 
that chronic nutritional deficiencies of 
calcium and magnesium might lead to 
PDC by producing secondary hyper- 
parathyroidism, a condition that 
might allow increased intestinal ab- 
sorption of toxic metals, such as alu- 
minum and manganese. Some investi- 
gators are skeptical about this 
hypothesis.“ Based on our own re- 
search, we also find this hypothesis to 
be questionable. First, nutritional cal- 
cium deficiencies would have adversely 
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Table 2.—Average Annual Age-Adjusted Incidence Rates (per 100 000) of Parkinsonism-Dementia Complex on Guam: 
1966-1965, 1966-1975, 1976-1985, and 1981-1985° 


District 


1956-85 


Total 1956-65 1966-75 1976-85 1981-85 Total 





Low rate 
Dededo 


5 (50) 
3t (9) 


11 8 
26 4t 


2 


1 


5 (32) 8 
3t (7) ot 


5 2 
ot 2t 


4 (18) 
2t (2) 





Piti 


3ł (2) 


lit 10 


7+ (2) 0 


0 (0) 


(~) 





Santa Rita 


5t (9) 


Tt 





Asan 


5t (5) 


3t (3) 


8 (6) 





3t (2) 


7 (3) 





Tamuning 


7t (25) 


8ł (18) 


5t (7) 





Medium rate 
Agana 


13 (119) 
9 (6) 


17 (81) 
4t (2) 


9 (38) 
13 (4) 





Agana Heights 


10 (11) 


14 (8) 


5 (3) 





Agat 


10 (14) 


16 (44) 


5t (8) 





Yigo 


11 (17) 


13 (11) 


10 (6) 





Mangilao 


12 (14) 


13 (8) 


11 (6) 





Mongmong-Toto-Maite 


13 (16) 


17 (11) 


8 (5) 





Chalan-Pago-Ordot 


19 (15) 


26 (10) 


DLAINININ TO; DIW Ofa 
SLOG folGlolo-|/Olfololorag 


12 (5) 





Talofofo 


24 (12) 


32 (8) 


14 (4) 





Merizo 


26 (14) 


464 (12) 


7 (2) 





High rate 
Barrigada 


36 (171) 
20+ (40) 





Yona 


314 (28) 


48(111) 
27+ (27) 


20 (60) 
14 (13) . 





44+ (18) 


20 (10) 





Sinajana 


32+ (38) 


95t 


53+ (28) 


17 15 (10) 





inarajan 


41% (25) 


95 


65ł (19) 11 


30 20 (6) 





Umatac 
Total Guam 


1774 (40) 
13 (340) 


2734 218t 
32 21 


1754 (19) 222= 
17(224) 15 


269+ 1394 1934 (21) 
13 6 10 (116) 





* incidence rates were adjusted for age by a direct method to the 1960 Chamorro populaion on Guam. Numbers in parentheses indicate the number of Incident cases. 
tSignificantly lower than the total Guam rate (P < .05, two-tailed test). 


+Significantly higher than the total Guam rate (P < .05, :wo-tailed test). 


Table 3.—Bias-Corrected Estimation of the Risk of Parkinsonism-Dementia Complex in 


no statistically significant associa- 
tions for any elements of interest from 


Susceptible Sibships on Guam: 1956-1985 waler soirces. 
Families With Any Affected Sibships 

| 

No. of No. of Families 


Ratio of Multiple Factors Linked to Cycad Use 
(R-J)/(T-J) 
Corrected to General 
No. of Sibs Sibs Affected Sib Risks* Population 
Familles {R) mM ` {J) (R-J)/(T—J), % Riskt 
Low-rate districts 45 67 372 32 10.3 92 
Medium-rate districts 109 142 800 83 8.2 27 
High-rate districts 147 204 1025 10.8 12 


*The Li-Mantel correction’? was used to compensate for bias introduced by consideriag only sibships with 
at least one member affected by parkinsonism-dementia complex. 

+The general population risk is approximately equal to the crude incidence rate divided by the birth rate. For 
1956 through 1985, the crude incidence rates (per 100 000) were as follows: 25.6 for hich-rate districts, 12.0 
for medium-rate districts, and 4.5 for low-rate districts. In 1950, the overall birth rate for Guam was about 4000 


Affected No. of With Only One 


More chan 25 years ago, Whiting” 
and Kurland” proposed that a toxin 
from cyzad seeds was linked to the 
cause of amyotrophic lateral sclerosis 
and PDC on Guam. Since then, despite 
much research, the cycad hypothesis 
remains to be solidly established.” 
Some findings presented early in this 
article provide indirect evidence of a 














pD) 


per 100000. 


affected children and women more 
than men; however, men were at 
greater risk of acquiring PDC." Sec- 
ond, familial aggregation of cases of 
PDC within a district seems inconsis- 
tent with the consumption of water 
from common sources that contained 
low concentrations of calcium and 
magnesium. Third, the correlation be- 
tween concentrations of calcium and 
magnesium and incidence rates of 
PDC in the various districts was not 
statistically significant. 

In our study, published determi- 
nations”! of the concentrations of var- 
ious elements from soil and water 
sources for the villages/districts of 
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Guam were correlated with district- 
specific incidence rates of PDC. No 
statistically significant association 
was found for any of the elements from 
soil sources. In contrest, from water 
sources, a statistically significant as- 
sociation was found fcr iron for both 
sexes and for silica for men. The find- 
ings concerning iron and silica may, 
however, be scientifically irrelevant, 
since the published determinations for 
water sources in Umatac were evi- 
dently based on samples collected from 
Piga Spring, which did not supply 
drinking water for that district until 
the mid-1950s.~ When we excluded 
Umatac from the analysis, there were 


causative role for cycad use in the oc- 
currence of PDC: strong familial ag- 
gregaticn in both high- and low-rate 
districts and a significant association 
between economic status and geo- 
graphic patterns regarding district- 
specific incidence rates for PDC. Our 
previous work" also supports the cy- 
cad hypothesis. First, the apparent 
decline in the risk of acquiring PDC 
followed the abandonment of cyead as 
a major source of food.” Second, the 
highly variable latent period for PDC 
(years to decades) could be related, in 
part, to the presumably diverse 
amounts of cycad toxin that individu- 
als ingested or absorbed through the 
skin. Third, the critical age of exposure 
for developing PDC, arguably during 
adolescence or adulthood, was compat- 


Parkinsonism-Demeantia Complex—-Zhang et al 1073 


ible with the observation that children 
were exposed less to cycad’; also, cycad 
toxin might be absorbed less in chil- 
dren because of higher metabolic 
rates. 

Some difficulties with the cycad hy- 
pothesis have been mentioned in pre- 


vious reports.*’ For example, a case-" 


control study failed to show a statisti- 
cally significant association between 
the occurrence of PDC and cycad 
consumption.’ In that study there was, 
however, a small sample size. 

To date, no completely satisfac- 
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tory explanation exists regarding the 
eause(s) of PDC on Guam. Compared 
with other explanations, the cycad hy- 
pothesis seems to be most compatible 
with observed patterns of acquiring 
PDC. Moreover, a promising primate 
model for western Pacific amyotrophic 
lateral sclerosis/PDC” supported the 
cycad hypothesis, although the signs 
and symptoms induced in the primates 
corresponded more to amyotrophic 
lateral sclerosis than to PDC. 

Even if eycad toxin proves to be an 
important factor in the cause of PDC, 
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Altered Coagulation in Cerebral Ischemia 
Platelet, Thrombin, and Plasmin Achivaty 


Mark Fisher, MD, Robert Francis, MD 


e We investigated hemostatic function 
In patients with cerebral Ischemia by eval- 
uating platelet activation, fibrin genera- 
tion, and fibrinolysis. Plasma 8-thrombo- 
globulin, an index of platelet activation, 
was significantly increased both acutely 
(14.9 + 9:2 ng/mL; n = 85) and approxi- 
mately 2 months later (17.3 + 10.1 
ng/mL; n = 57). Thrombin activity was 
measured using assays for fibrinopeptide 
Aand fibrin D-dimer. Increased fibrinopep- 
tide A was found in 9°(11.5%) of 78 
patients: acutely and 6 (10.7%) of 56 at 
follow-up; fibrin D-dimer levels were sig- 
nificantly increased acutely (166 + 
188 ng/mL; n = 66) but not at follow-up. 
Fibrinolytic activity was measured using 
assays for fibrinopeptide B-6 1-42 and 
plasminogen activator inhibitor 1. Fibri- 
nopeptide B-§ 1-42 was significantly re- 
duced -acutely (6.3 + 2.2 pmol/mL; 
n = 35) and at follow-up (4.8 + 1.5 pmol/ 
mL; n = 21). Plasminogen activator inhib- 
itor 1 was normal acutely (20.1 + 12.0 
ng/mL;n = 73) but Increased at follow-up 
(27.8 + 20.1 ng/mL; n = 45). These re- 
sults demonstrate that patients with cere- 
bral ischemia have abnormal hemostatic 
function that Is not explained by the acute 
phase reaction, and that components of 
the prethrombotic state are present in 
some of these patients. 

(Arch Neurol. 1990;47:1075-1079) 


S ubstantial clinical and experimen- - 


tal evidence indicates the impor- 
tance of the coagulation system in the 
pathogenesis of ischemic cerebral vas- 
cular disease.'“ This article represents 
an investigation to determine the pre- 
cise nature of altered coagulation in a 
group of individuals with cerebral is- 
chemia. We analyzed three basic com- 
ponents of coagulation: platelet acti- 
vation, fibrin generation by thrombin, 
and fibrinolysis. The platelet activa- 
tion response, consisting of shape 
change, aggregation, and the release 
reaction, was determined by measur- 
ing levels of the platelet a-granule 
protein 6-thromboglobulin (BTG). 8- 
Thromboglobulin is secreted during 
the platelet release reaction and, using 
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correct venipuncture tecanique, repre- 
sents a marker of in vivo platelet 
activation. Simultaneous measure- 
ment of platelet factor 4 {PF 4) can, due 
to its short half-life, help control for in 
vitro platelet release.’ 

The formation of a fibrin thrombus 


-is a complex. process; in essence, it oc- 


curs when the rate of formation of fi- 
brin by thrombin at least temporarily 
exceeds the rate of dissolution of fibrin 


by endogenous fibrinolytic mecha- - 


nisms at a specific site. Thus, a key de- 
terminant of the tendency to throm- 
bosis is the relative activity of the pro- 
coagulant enzyme thrombin and the 
fibrinolytic enzyme plasmin.’ Throm- 
bosis is favored when thrombin prote- 
olysis of fibrinogen exceeds plasmin 
proteolysis of the in-tial thrombin 
product, fibrin I. Methods are now 
available to quantitatively assess both 
of these reactions. Thrombin proteoly- 
sis of the fibrinogen a chain is reflected 
in the plasma level of fibrinopeptide A 
(FPA), and plasmin proteolysis of the 
6 chain of fibrinogen and fibrin I is re- 
flected in the plasma evel of fibrino- 
peptide B-8 1-42 (B-6) * Plasma levels 
of fibrin D-dimer, cleared from cross- 
linked fibrin, are an index of fibrin 
generation. Additionally, tissue plas- 
minogen activator, crucially impor- 
tant in the generation of plasmin from 
plasminogen, has as its major plasma 
inhibitor plasminogen activator inhib- 
itor 1 (PAI-1): Prospective studies of 
postoperative subjecis ‘have shown 
that when thrombin activity exceeds 
plasmin activity the risk of thrombosis 
is high In contrast, increased throm- 
bin activity ‘is not associated with 
thrombosis in these subjects if plas- 
min activity is proportionately in- 
creased.’ We report herein measure- 
ments of BTG, FPA, D-dimer, B-8, and 
PAI-1 in subjects with cerebral is- 
chemia, both acutely and at follow-up 
approximately 2 morths later. 


PATIENTS AND METHODS 


Patients were chosen Zollowing screening 
of all adult patients edmitted for acute 
cerebral ischemia at Les Angeles County- 
University of Southern California Medical 
Center between Noverr.ber 1984 and May 
1986. All patients were examined and blood 
samples taker. within 12 hours of cerebral 
ischemic symptoms. Fcllow-up blood sam- 
ples were taken later, generally 2 montas 
following the event. Routine studies per- 
formed on admission included electrocar- 


_ atherosclerotic occlusive disease, 


diogram, complete blood cell count, blood 
chemistry analyses, chest roentgenogram, 
and urinalysis. Computed tomographic 
(CT) head scans were used to exclude pa- 
tients with intracerebral hemorrhage, tu- 
mor, or other mass lesion. Other exclusion 
criteria were recent (less than 1 month 
previously) myocardial infarction, sepsis, 
active co!lagen-vascular disease, malig- 
nancy, pregnancy, deep vein thrombosis, 
hepatic failure, renal failure, thrombocy- 
topenia, and thrombocytosis. 

One hundred patients meeting entry cri- 
teria were evaluated. Patients were char- 
acterized as having a transient ischemic 
attack (TIA) or stroke based on the dura- 
tion of the ischemic event. Clinical, CT, and, 
when available, arteriographic information 
was used to classify the patients with re- 
gard to underlying etiology. The four basic 
classificazions consisted of “large-vessel 
» tear- 
diogenic,” “lacunar,” and “other/ undeter- 
mined.” Criteria for large-vessel disease 
consisted of symptoms of internal carotid, 
anterior cerebral, middle cerebral, poste- 
rior cerebral, or vertebral-basilar insuffi- 
ciency, without evidence of vasculitis or 
cardiac embolic source, and with confirma- 
tory details provided by CT scans and, when 
available, arteriography. Criteria for car- 
diogenic processes consisted of the presence 
of atrial fibrillation or valvular disease, 
electrocerdiographic evidence of myocar- 
dial infarction with echocardiographic 
demonstration of an embolic source, or my- 
ocardial infarction in a patient with large- 
vessel symptoms and normal cerebral arte- 
riographic findings. Criteria for lacunar 
disease consisted of clinical evidence of any 
of the four classic lacunar syndromes, ie, 
pure motor hemiparesis, pure sensory 
stroke, etaxic hemiparesis, and dysarthria- 
clumsy hand syndrome, with CT scan either 
normal or demonstrating small deep in- 
farcts compatible with lacunar disease: Pa- 
tients who did not meet the criteria for 
any of these three syndromes were placed 
into tha “other/undetermined” category. 
“Stroke in evolution” was defined as pro- 
gression of focal symptoms beyond 2 hours 
after onset of symptoms. Patients were 
considered to be taking aspirin if they had 
ingested aspirin, or an aspirin-containing 
compound, within 2 weeks of venipuncture. 
The current use of anticoagulants (war- 
farin or heparin) was also noted. Two con- 
trol groups were used for data analysis: 
“patient controls” were 20 neurologic inpa- 
tients hospitalized for nonvascular disor- 
ders, and “normal controls” were healthy 
volunteers. 

Plasma for BTG and PF4 measurement 
was ccllected using a modification of the 
method of Files et al.° A precooled solution 
of 1 mL of acid-citrate-dextrose (National 
Institutes of Health formula A), 80 „L of 
aspirin (180 mg of aspirin per milliliter of 
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Fig 1.—Plasma -thromboglobulin (BTG) levels in patients and controls 
(mean + SD). Asterisk indicates increased compared with normal con- 
trols at P < .05; and double asterisk, increased compared with normal 
controls at P < .0025. 


Patients 
(Acute) 


Fig 2.—Fibrinopeptide A levels in patients and controls. 


Table 1.— Subset Analysis of 8-Thromboglobulin (BTG) Levels in Cerebral Ischemia’ 








































Acute Follow-Up 

ar. encanta et ae 

No. BTG, ng/mL No. BTG, ng/mL 
Transient ischemic attack 26 13.7 + 12.4 16 17.7 + 11.7¢ 
Stroke : 59 15.5 + 7.5t 41 17.1 + 9.54 
Large-vessel disease 26 15.0 + 7.2§ 17 19.C + 7.3] 
Cardiogenic 12 18.1 + 9.14 10 13.7 + 6.3 
Lacunar 18 13.2 + 5.8 12 14.44 4.1 





*Values are means + SDs. 
tincreased compared with normal controls at P < .025. 
Increased compared with normal controls at P < .01. 
§Increased compared with normal controls at P < .05. 


||Increased compared with normal controls at P < .0005. 


ethanol), and 10 „L of prostaglandin E, 
(100 ug of prostaglandin E, per milliliter of 
ethanol) was prepared just prior to veni- 
puncture. The solution was drawn into a 
syringe, which was then placed on ice. Us- 
ing a 21-gauge “butterfly,” 4 mL of blood 
was drawn directly into the syringe without 
the use of a tourniquet. All venipunctures 
were performed by one individual (M.-F). 
Plasma samples were only analyzed if ve- 
nipuncture resulted in prompt flow into the 
syringe, without stasis. The syringe was 
then inverted 10 times, placed on ice for not 
‘more than 30 minutes, and centrifuged at 
10 000g for 30 minutes. Aliquots of approx- 
imately 100y1 were then stored frozen 
prior to BTG and PF4 level determination. 
8-Thromboglobulin ‘was measured by ra- 
dioimmunoassay (Amersham, Chicago, Ill). 
To confirm the absence of in vitro platelet 
release, PF4 levels were determined by en- 
zyme immunoassay (American Bioproducts 
Co, Parsippany, NJ). All BTG levels in pa- 
tients and patient controls elevated beyond 
2SDs above the mean of normal controls, in 
. which simultaneously measured PF4 levels 
“were increased more than 3 SDs above the 
mean of normal controls, were considered 
to represent in vitro release and eliminated 
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from data analysis. 

Samples for FPA and B-§ measurement 
were drawn from an antecubital vein using 
minimal venostasis into a 1:10 volume of 
0.11 mol/L citrate anticoagulant contain- 
ing 1000 U/mL of heparin and 1000 U/mL 
of aprotinin (Trasylol). Samples for D- 
dimer were drawn into a 1:10 volume of 
standard citrate anticoagulant. The sam- 
ples were kept on ice and processed within 
1 hour. Plasma was separated by centrifu- 
gation at 12100g for 10 minutes at 4°C. 
Cross-reacting fibrinogen was immediately 
removed from the FPA/B-6 samples by 
bentonite adsorption (for FPA) and precip- 
itation with cold ethanol (for B-8) as previ- 
ously described? The samples were then 
stored at —80°C until assayed. Fisrinopep- 
tide A, B-8, and D-dimer were measured 
by enzyme-linked immunosorbent assay 
(Asserachrom FPA, American Bioproducts 
Co; NYBCen Reagents, New York NY Blood 
Center; and Dimertest EIA, American Di- 
agnostica, New York, NY, respectively) ac- 
cording to the instructions provided by the 
manufacturers. Plasma for PAI-1 measure- 
ment was cbtained using venipuncture and 
anticoagulant solutions as described for 
BTG and PF4. This technique was used to 





Patients 
(Follow-up) 


Normal 
Controls 





minimize any potential platelet contribu- 
tion to plasma PAI-1 levels. Levels were 
determined by enzyme immunoassay 
{American Diagnostica). All elevations of 
FPA and FPB were scrutinized by evalua- 
tion of concurrent PF4 levels; elevated FPA 
or FPB levels wera considered artifact and 
were eliminated from data analysis if 
concurrent PF4 levels were increased be- 
yond 3 SDs above the mean for normal con- 


` trols. 


Data analysis was performed using sim- 
ple linear correlation and unpaired Stu- 
dent’s ¢ tests; one-tailed tests were used ex- 
capt for B-8 data. Logarithmically trans- 
formed data were used when the latter best 
approximated a ncrmal distribution. 


RESULTS 
Platelet Activation 


We examined plasma from 85 pa- 
tients initially; these patients were 44 
men and 41 women with.a mean age of 
51.7 years (range, 20 to 77 years). We 
evaluated plasma from 57 patients at 
follow-up (32` men and 25 women; 
average age, 52.0 years [range, 20 to 71 
years]). Eighteen patients underwent 
arteriography. Thirty-six of the 100 
patients were unavailable for follow- 
up. Plasma from 10 acute and six fol- 
low-up patients was eliminated from 
data analysis owing to inadequate 
venipuncture. Eighteen patient con- 
trols were studied (10 men and eight 
women; average age, 53.7 years). For- 
ty-four normal controls were studied 
(23 men and 21 women; average age, 
53.0 years). ` 

Levels of BTG in patients were sig- 
nificantly increased both acutely 
(P < .05) and at follow-up (P < .0025) 
compared with ncrmal controls (Fig 
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Fig 3.—Fibrin D-dimer levels in patients and controls (mean + SD, log- 
transformed data). Levels in acute patients were significantly {P < .006) 


increased compared with controls. 


1). There was no significant difference 
between patient controls and normal 
controls. The mean PF4 level in the 44 
normal controls (23 men, average age, 
53.0 years) was 1.4 + 1.6 ng/mL. Ex- 
cessive elevation of PF4 resulted in 
elimination from data analysis of 4 
patients with initial significant BTG 
elevation. One additional acute and 
follow-up plasma sample manifesting 
increased BTG was eliminated from 
data analysis due to unavailability of 
simultaneous PF4 measurement. 
Analysis of patient subsets is shown 
in Table 1. The mean interval between 
measurement of acute and follow-up 
blood samples was 70 days (range, 21 to 
221 days). Three patients had follow- 
up samples taken less than 50 days af- 
ter the acute event; their mean BTG 
level at follow-up was 16.0 ng/mL. 
Four patients had follow-up samples 
measured more than 100 days after the 
initial event, with a mean BTG level of 
14.8 ng/mL. Men tended to have higher 
BTG levels than women both acutely. 
(16.8 + 10.1 vs 13.5 + 8.1 ng/mL) and 
at follow-up (18.3 + 10.4 vs 15.9 + 
9.8 ng/mL), but these differences did 
not achieve statistical significance. 
Four patients (three women and one 
man) sustained strokes between sam- 
pling times; of the eight plasma sam- 
ples from these patients, five were en- 
tered into data analysis. Two. patients 
had follow-up BTG measurements 
only, of 48 and 12 ng/mL. One patient 
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Fig 4.—Fibrinopeptide B-6 1-42 levels in patients” and controls 
(mean + SD). Levels were significantly decreased acutely (P < .05) 


anc at follow-up (P < .001) compared with controls. 


had acute BTG measarement only 
(4ng/mL), while one patient had acute 
and follow-up levels of € and 3 ng/mL, 
respectively. Two patients who died 


following the acute event had BTG, 


levels of 14 and 20 ng/mL. 

Patients with stroke in evolution did 
not have significantly different acute 
BTG levels than those with non- 
progressive stroke (15.7 + 5.4 vs 
15.4 + 8.1 ng/mL). The BTG levels in 
patients using aspirin were 19.4 + 
124 ng/mL (n=21) acutely and 
19.7 + 13.6 ng/mL (n = 23) at follow- 
up. The BTG levels in patients using 
anticoagulants were 17.7 + 8.1 ng/mL 
{n = 11) acutely and 12.0 + 5.1 ng/mL 
(n = 12) at follow-up. 


Thrombin Activity 


Levels of FPA were measured in 78 
acute and 56 follow-up cases (Fig 2). 
The mean interval between acute sam- 
pling and follow-up sampling was 76 
days (range, 49 to 310 days). Eleven of 
the 78 subjects studied acutely had 
elevated FPA (defined as values 
greater than the mean plus 2 SDs of a 
group of 34 normal volunteers). Two of 
these were excluded as artifact be- 
cause of concomitant elevated PF4 lev- 
els. The remaining nine subjects 
(11.5% of the total; FPA, 13.0 + 
8.6 ng/mL) included three men, eight 
subjects with stroke, two subjects us- 
ing aspirin, and none receiving antico- 
agulants; the average age was 58.8 


years. Of the 67 subjects with normal 
FPA acutely (mean FPA level, 1.5 + 
1.1 ng/mL), 44 had stroke, 17 were us- 
ing aspirin, and seven were receiving 
anticoagulants; the average age was 
51.7 years. Six (10.7%) of the 56 sub- 
jects sampled at follow-up had ele- 
vated FPA levels (mean level, 12.8 + 
3.1 ng/mL); the average age was 49.0 
years and none had concomitant ele- 
vated PF4 levels. Four of these sub- 
jects were male, five had initially sus- 
tained strokes, two were taking aspi- 
rin, and none were receiving 
anticoagulants. Of the 50 subjects with 
normal FPA levels (mean, 0.7 + 0.9 
ng/mL) at follow-up, 35 had initially 
sustained stroke, 19 were taking aspi- 


Tatie 2.—Fibrin D-Dimer in Acute _ 
Cerebral Ischemia: Subset Analysis * 


D-Dimer, 
ng/mL 
. (Mean + SD) 
All 168 + 188+ 
Transient ischemic 
attack 

Stroka 
Large-vessel disease 
Cardiogenic 
Lacurar 113 + 46 
Norral controls 103 + 64 


* Statistical analysis was performed on log-trans- 
formed cata. 

tincreased compared. with normal controls at 
P< .006, . 

¢Increased compared with normal controls at 
P<.01. ` 





112 t 80 

194 + 217t 
199 + 270¢ 
208 + 132ł 
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Fig 5.—Plasminogen activator inhibitor 1 (PAI-1) levels in patients and controls (mean + SD). 
Levels in follow-up patients were significantly (P <_.025) increased compared with normal controls. 


rin, and 12 were réceiving anticoagu- 
lants; the average age was 52.6 years. 
The mean FPA level in 34 normal vol- 
unteers (average age, 54.1 years, in- 
cluding 17 men) was 1.0 + 1.7 ng/mL. 

D-dimer was measured in 66 pa- 
tients (82 men; average age, 52.5 years) 
acutely and in 47 patients (28 men; 
average age, 51.2 years) at follow-up 
(Fig 3). The mean interval between the 
initial venipuncture and follow-up 
was 67 days (range, 21 to 185 days). 
Levels in the acute and follow-up peri- 
ods were 168 + 188ng/mL and 129 + 
109 ng/mL, respectively. D-dimer 
measured in 39 normal volunteers (in- 
cluding 18 men) with an average age of 
58.7 years was 103 + 64 ng/mL. Anal- 
ysis of log-transformed data demon- 
strated that levels for acute, but not 


follow-up, patients were significant- _ 


ly inereased over normal levels 
(P < .005). Thirteen patients (19.7%) 
had D-dimer levels acutely elevated 
beyond 2 SDs of the mean for normal 
subjects, while only three follow-up 
patients (6.3%) had such elevations; 
this difference in proportion was sig- 
nificant (P < .05). There were no sig- 
nificant male-female differences. The 
increase in the acute state was seen in 
patients with stroke but not in those 
with TIA (Table 2). Analysis by etiol- 
ogy indicated significant increases 
acutely for those patients with large- 
vessel disease and cardiogenic is- 
chemia, but not for those with lacunar 
disease (Table 2). D-dimer levels in 
patients using aspirin and anticoagu- 
lants acutely were 145 + 118 ng/mL 
(n = 18) and 144 + 87 ng/mL (n = 8), 
respectively. Levels for those patients 
using aspirin and anticoagulants at 
follow-up were 153 + 114 ng/mL 
(n = 22) and 183 + 200 ng/mL (n = 7). 
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Plasmin Activity 7 

We measured B-8 in 35 patients 
acutely and 21 patients at follow-up. 
The mean interval between the initial 
episode and the follow-up venipunc- 
ture was 72 days (range, 49 to 135 
days). Patients studied acutely in- 
cluded 16 men and had a mean age of 
52.7 years, while those studied at fol- 
low-up included 12 men and had a 
mean age of 50.7 years. Only one sub- 
ject studied acutely, and none of the 
subjects studied at follow-up, had an 
elevated B-8 level (defined as greater 
than the mean plus 2 SDs of a group of 
20 normal volunteers). Levels for pa- 
tients studied in the acute and follow- 
up periods were 6.38 + 2.2 pmol/mL 
and 4.8 + 1.5 pmol/mL, respectively 
(Fig 4). There was no significant asso- 
ciation between age and FPB level for 
either acute or follow-up (r = .05) mea- 
surements. Twenty normal volunteers, 
including 8 men, with an average age 
of 36.7 years had a mean B-8 level of 
7.2 + 1.8 pmol/mL. Levels cf B-8 for 
patients were significantly decreased 
compared with controls both acutely 
(P < .05) and at follow-up (P.< .001). 
In addition, acute B-@ levels were sig- 
nificantly increased compared with 
levels at follow-up (P < .01), Acute B- 
B levels in those receiving aspirin and 
anticoagulants were 6.3 + 2.4 (n = 9) 
and 7.5 pmol/mL (n = 1), respective- 
ly. Follow-up B-f levels in those receiv- 
ing aspirin and anticoagulants were 
45 + 1.7 (n = 9) and 4.8 + 12 pmol/ 
mL (n = 4). 

We measured PAI-1 in 73 acute pa- 


tients, 45 follow-up patients, 14 patient ` 


controls, and 34 normal controls. The 
mean interval between the initial epi- 
sode and follow-up venipuncture was 
60 days (range, 21 to 319 days). The 


PAI-1 levels in the four groups were 
20.1 + 12.0, 27.8 + 20.1, 189 + 11.1, 
and 19.2 + 14.5 ng/mL, respectively 
(Fig 5). The PAI-1 levels in follow-up 
patients were significantly increased 
compared with normal controls and 
acute patients (P < .025); there were 
no significant differences among other 
groups. The increase at follow-up was 
found in patients with stroke 
(28.2 + 19.9 ng/mL; n= 36; P <..025) 
but. not patients with TIA (26.4 + 
22.2 ng/mL; n = 9). The mean acute 
PAI-1 level of those patients studied at 
follow-up was 21.6 + 13.5 ng/mL 
(n = 88). 
COMMENT 

-We have demonstrated substantial 
alterations in hemostatic function in 
our cohort of patients with cerebral 
ischemia. These consist of sustained 
increases in platelet activation, in- 
creased thrombin activity acutely, and 
diminution in fibrinolytic activity at 
both times, but particularly at follow- 
up. The most zonsistent abnormality 
in ‘this study was increased BTG at 
both sample times. While increased 
BTG in stroke has been demonstrated 
by prior investigators," we have 
placed particular emphasis on elimi- 
nating in vitro BTG release. First, all 
venipunctures were performed by one 
individual; when venipuncture did not 
result in prompt flow without stasis, 
the plasma sample was not analyzed. 
Second, the anticoagulant solution and 
plasma separation technique repre- 
sents, with only minimal variation, the 
technique chosen by Files et al‘ to be 
optimal for limiting in vitro platelet 
activation. The values for normal con- 
trols in the current study compare fa- 
vorably with those of Files et al.‘ 
Finally, all significant increases of 
BTG among patients were subjected to 
additional scrutiny by evaluating con- 
current PF4 levels; highly significant 
PF4 increases were used as a criterion 
to eliminate the associated BTG eleva- 
tions from data analysis. Therefore, 
the BTG levels demonstrated in the 
present study very likely represent. in 
vivo platelet activation. 

In the present study, D-dimer levels 
were significantly elevated in patients 
with stroke acutely but not at follow- 
up, indicating increased fibrin forma- 


tion and dissolution in the acute phase 


but not after recovery. These findings 
are generally consistent with those of 
prior investigations'~'"” and also with 
the concept that an occlusive fibrin 


thrombus, either embolic or formed in ~. 


situ, is involved in the pathogenesis of 
most types of ischemic stroke. D-dimer 
levels were highest in subjects with 
cardiogenic stroke, less high in sub- 
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jects with large-vessel disease, and not 
elevated in subjects with lacunar dis- 
ease or TIA. These results suggest that 
plasma D-dimer levels correlate with 
the size of the fibrin thrombus, and 
that subjects with lacunar disease and 
TIA either have thrombi too small to 
produce detectable elevations of 
plasma D-dimer, or that fibrin forma- 
tion does not occur to a significant ex- 
. tent in these subjects. 

Levels of FPA were elevated acutely 
in approximately 11% of our subjects, 
most of whom had stroke rather than 
TIA. A similar proportion of subjects 
had elevated FPA levels at follow-up. 
Elevated FPA levels were not seen in 
any subject receiving anticoagulants, 
either acutely or at follow-up. Since 
anticoagulant therapy is known to 
suppress thrombin activity,” it is 
likely that we underestimated the true 
incidence of increased FPA in ischemic 
stroke. Even taking the confounding 
effect of anticoagulant therapy into 
account, however, the question still 
arises as to why FPA was not more 
frequently elevated in acute stroke, 
given the evidence of increased fibrin 
formation represented by increased 
D-dimer levels. One possible answer is 
that the extremely rapid clearance of 
plasma FPA (half-life of 3 minutes)” 
reduces the sensitivity of FPA to rela- 
tively low-grade activation of coagula- 
tion and limited generation of. fibrin. 
Another possibility is that in some 
subjects, occlusive thrombus forma- 
tion may be associated with a rela- 
tively brief, self-limited period of in- 
creased thrombin activity, which is 
over by the time they seek medical 
care. 

In contrast to D-dimer and FPA, we 
found that B-8 levels were signifi- 
cantly lower in subjects with stroke, 
both acutely and at follow-up, than in 
normal subjects. The significance of 
this finding is uncertain, but one pos- 
sible interpretation is that subjects 
with stroke have reduced endogenous 
fibrinolytic activity compared with 
normal subjects. Other investigators 
have also reported that fibrinolysis is 
diminished in stroke.”** Considerable 
evidence suggests that impaired fi- 
brinolysis is also associated with an 
increased risk of other thrombotic dis- 
orders, and that many of the known 
risk factors for vascular disease, in- 
cluding diabetes and smoking, are as- 
sociated with reduced fibrinolysis.” It 
has been argued that subjects with 


_preexistent impaired fibrinolysis are 


“tT more likely than subjects with normal 


fibrinolysis to develop occlusive fibrin 
thrombi in response to activation of 
coagulation and increased thrombin 
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formation.” Our findings, while not 
conclusive, suggest that this may occur 
in some subjects with stroke. 

The level of endogenous plasmin- 
dependent fibrinolytic activity is criti- 
cally dependent on the relative secre- 
tion of tissue-type plasminogen acti- 
vator and PAI-1 by vascular endothe- 
lial cells. The current study is, to our 
knowledge, the first. to investigate 
PAI-1 in a substantial population of 
patients with cerebral ischemia. We 
showed that PAI-i is significantly in- 
creased in patients with cerebral is- 
chemia approximately 2 months fol- 
lowing the acute event. We do not know 
why the PAI-1 increase was present 
only in the follow-up period. Prospec- 
tive studies of PAI-1 in stroke-prone 
individuals may provide an explana- 
tion for this finding. This increase of 
PAI-1 does, however, provide further 
evidence of impaired fibrinolysis in 
patients with cerebral ischemia. 

Our findings are consistent with the 
hypothesis that elements of a pre- 
thrombotic state* are present in some 
patients with cerebral ischemia. These 
data suggest a model of cerebral in- 
farction in which acute generation of 
fibrin occurs in the absence of an ap- 
propriate increase in fibrinolytic activ- 
ity. The sustained increase in platelet 
activation indicates that the pro- 
thrombinase complex (factor Xa, fac- 
tor Va, and Ca++) might more readily 
form on the activated platelet surface 
in patients with cerebral ischemia. The 
actual trigger for the surge in throm- 
bin activity is unclear. Investigations 
of vascular endothelial coagulant 
activity” may prove helpful in explain- 
ing this process. 
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Racial Differences in the Anterior Circulation 
in Cerebrovascular Disease 


How Much Can Be Explained by Risk Factors? 


Domenico Inzitari, MD; Vladimir C. Hachinski, MD, MSc, DSc; D. Wayne Taylor, MSe; Henry J. M. Barnett, OC, MD 


e The entry characteristics of 1367 pa- 
tients enrolled into the Extracranial/in- 
tracranial Bypass Study were examined to 
determine if site differences in intracranial 
and extracranial arterial lesions among ra- 
cial groups could be explained by differ- 
ences In risk factors. Blacks were more 
often hypertensive, diabetic, or cigarette 
smokers, while whites had higher systolic 
blood pressure and hemoglobin values. 
Orientals had the lowest prevalence of 
vascular risk factors. Despite these differ- 
ences in risk factors, multivariate analysis 
showed race to be an independent and 
strong predictor of the location of cere- 
brovascular lesions. To our Knowledge, 
this study is unique In documenting risk 
factors prospectively and systematicaily 
in three racial groups simultaneously. Al- 
though generalization is limited by possi- 
bie biases related to patient selection, the 
results affirm previous tentative conclu- 
sions about the role of race in determining 
the location of cerebrovascular disease. 

(Arch Neurol. 1990;47:1080-1084) 





Accepted for publication March 26, 1990. __ 
From the Department of Neurology, University 


of Florence (Italy) Medical School (Dr Inzitari);. 


Department of Clinical Neurological Sciences, 
The University of Western Ontario, London (Dr 
Hachinski); The John P. Robarts Research Insti- 
tute, London, Ontario (Drs Hachinski and Bar- 
nett, and Prof Taylor); and the Department of 
Epidemiology and Biostatistics, McMaster Uni- 
versity, Hamilton, Ontario (Prof Taylor). 

Reprint requests to the Department of Clinical 
Neurological Sciences, University Hospital, PO 
Box 5339, London, Ontario, Canada N6A 5A5 (Dr 
Hachinski). 


1080 Arch Neuro!]—Vol 47, October 1990 


P athologic! and 

studies indicate racial diferences in 
cerebrovascular disease. These differ- 
ences occur in the occlusive lesion sites 
in various segments of the cerebrovas- 
cular tree. Intracranial segments in 
whites were unexplainably affected 
less frequently than in Orientals??? or 
blacks.*4*#!°3 This has been ascribed 
to differences pertaining to conven- 


` tional cerebrovascular risk factors in 


different racial groups** or differ- 
ences between extracranial and intra- 
cranial -lesion pathologies.” Studies 
have shown*" that in neither ischemic 
heart disease nor peripheral vascular 
disease is there a similar relationship 
with middle cerebral artery or carotid 
artery lesions. However, it is unclear 
whether race and risk factors play 
separate roles or whether their roles 
are interdependent. A lower occur- 
rence of intracranial segment involve- 
ment in whites compared with Orien- 
tals and blacks was observed also 


. among patients enrolled in tke Inter- 


national Cooperative Study of Extra- 
Intracranial Arterial Anastomosis 
(EC/IC Bypass Study). The EC/IC 
Bypass Study encompassed a large se- 
lected multiracial symptomatic popu- 
lation. According to study protocol, 
recognized risk factors were doeu- 
mented and angiography wes per- 
formed systematically. 

. On the basis of entry characteristics 
of the EC/IC Bypass Study, the pur- 
pose of this study was to determine 
whether risk factors and race have in- 
dependent effects on the location of 


angiographic? l 


cerebrovascular lesions among differ- 
ent ethnic groups. 


PATIENTS AND METHODS 
Patients 
Of 1377 patients who entered into the 
EC/IC Bypass trial from 71 centers, 1367 
were included in this study. Excluded were 
two American Indian patients and eight 


. with no information about race. The study 


included 586 whites from North America 
and 472 from Europe. All 86 blacks were 
from North America and all 220 Orientals 
were from Taiwan and Japan. Patients in- 
ciuded in the trial had experienced a tran- 
sient ischemic attack or minor completed 
stroke in the carotid territory within 3 
months prior to entry. Angiography re- 
vealed an atherosclerotic lesion in a vessel 
appropriate to the patient’s symptoms: (1) 
stenosis or occlusion ot the middle cerebral 
arterial trunk; (2) stenosis of the internal 
carotid artery above the C2 vertebral body 
(ie, inaecessible to carotid endarterectomy), 
or (3) internal carotid ocelusion. Patients 
were excluded for the following reasons: 
severe functional disability; lack of in- 
formed consent; if the original stroke was 
due to cerebral hemorrhage; if they were 
within 8 weeks of an acute cerebral is- 
chemic event; exhibition of nonatheroscle- 
rotic conditions causing or likely to cause 
cerebral dysfunction (fibromuscular dys- 
plasia, arteritis, blood dyserasia, cardiac 
source of emboli, chronic atrial fibrillation, 
complete heart block, valvular heart dis- 
ease, cardiomyopathy, or nonatheroscle- 
rotic dissection); the presence of any mor- 
bid condition likely to lead to death within 


5 yeers (cancer or renal failure [serum urea ` 


nitregen, 1.7 mmol/L)), cardiomegaly (ear- 
diothoracic ratio, 0.5 [>0.55 in Japanese pa- 
tients]), or a hepatic or pulmonary disease 
constituting an unacceptable anesthetic 


Cerebrovascular Disease—Inzitari et al 


t> 


~ 


£ 


risk; the occurrence of ischemic symptoms 
limited to the vertebrobasilar circulation; 
myocardial infarction during the preceding 
6 months; a fasting blood glucose concen- 
tration of 300 mg or more on the most recent 
assessment, despite appropriate therapy; 


or a diastolic blood pressure more than 110 | 


mm Hg, despite appropriate medical ther- 
apy. 


Lesion Site Variables 


(1) Cerebral arteries were assessed by a 
central review of all angiograms submitted 
at the time of patient entry to the trial. Only 
carotid angiography of the randomized ter- 
ritory was considered in this study. The 
definition of site used in this study was: (a) 
middle cerebral artery, (b) internal carotid 
artery, and (c) lesions on both arteries 
(TANDEM). This categorization was made 
by the principal neuroradiologist based on 
the randomizable lesion, irrespective of de- 


gree (stenosis or occlusion). (2) Coronary ` 


arteries were assessed by: (a) history of 
myocardial infarct, (b) history. of angina 
pectoris, (c) electrocardiographic signs of 
myocardial infarction (all of these three 
variables were taken from data recorded by 
local investigators in the initial assessment 
form), and (d) by examining the category of 
ischemic heart disease, generated pooling 
together patients with a history of myocar- 
dial infarction and/or history of angina, 
and/or electrocardiographic signs of myo- 
cardial infarction, considered indicative of 
coronary artery involvement. (3) Periph- 
eral arteries: it was determined that a his- 


tory of intermittent claudication was indic- - 


ative of peripheral arteriopathy. 


Risk Factor Variables 


Four categories were examined: (1) his- 
torical information: age, sex, race (Oriental, 
black, white), occurrence of hypertension, 


diabetes mellitus, current cigarette smok- . 


ing, intake of medication for hypertension, 
as recorded in the initial assessment form; 
(2) physical findings: patient’s blood pres- 
sure, systolic and diastolic (millimeters of 
mercury), heart rate (beats per ‘minute), 
and carotid bruit, as registered in the initial. 
visit; (3) baseline laboratory data: hemo- 
globin, random blood glucose, cholesterol; 
and electrocardiographic data: electrocar- 
diographiec signs of left ventricular hyper- 
trophy (as recorded in the initial assess- 
ment form). ` 

More detailed information on entry char- 
acteristics of the patients of the EC/IC By- 
pass Study is reported elsewhere." _ 


Statistical Methods 


The three racial groups in this study 
(Oriental, black, and white) were compared 
on each risk factor category (eg, lesion site, 
sex, history of hypertension) using x? tests, 
and on individual continuous risk factors 
(eg, age, diastolic and systolic blood pres- 


sure) using one-way analysis of variance. 


To determine the relative roles of risk fac- 
tors and race in relation to racial differ- 
ences in cerebrovascular lesion sites, a dis- 


criminant function analysis was per- - 
formed. The role of race was investigated by 
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Table 1:—Location of Lesion, Percent by Race” 


Oriental 
(n = 223) 





White 
{n = 1058) 














5 








82 











TANDEM 34 








26 : 13 








Carotid bruit 2 





21 








Ischemic heart disease 10 








“6 22 








- Intermittent claudication 


Orlental 








14 





*MCA indicates middle cerebral ertery; ICA, internal carotid artery; and TANDEM, lesions on MCA and ICA. 
+P value for all entries is less then .001. 


White 
{n = 1058) 





Percentages 
Male 


(n = 223) 





Hypertension (history)t 





Hypertension (me<ications)+ 





EGG left ventricular hypertrophy 





Myocardial infarctiont 





ECG myocardial in‘arctiont 





Angina§ 





ECG arrhythmia§ 





Diabetes§ 





Cigarette smokers§ 





Means 
Age 





Systolic blood pressure§ 





Diastolic blood pressure 





Hemoglobint 





Glucose§ 





Cholesterol ` 





Heart ratet. 
* ECG indicates electrocardiogran. 
{P< .01-. 
4P < .001. 
< §P < .05. 


first entering all risk factorsinto the anal- 
ysis and then determining whether race 


“continued to contribute significantly to the 


prediction of lesion category. 
RESULTS 


_ Racial differences in the location .of 
cerebrovascular lesions and in the 


prevalence of carotid bruits, ischemic © 


heart disease, and intermittent clau- 
dication are apparent ir the EC/IC 
Bypass Study data (Table 1). Frequen- 


‘cies of middle cerebral artery and 


TANDEM lesions decrease and the 
frequency of internal carotid artery 
lesions increase from: Orientals to 
blacks to. whites. Similarly the fre- 
quency of ischemic heart disease, ca- 
rotid bruit, and intermittant claudica- 
tion increased from Orientals to blacks 
to whites. 

The possibility that zhese differ- 
enees were due to variability in risk 
factors among races was first consid- 
‘ered by testing for risk factor differ- 
ences among racial groups (Table 2), 
and among cerebrovaszular lesion 
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groups (Table 3). 

On comparing the three racial 
groups by age. and sex, no difference 
was observed, but many statistically 
significant differences were found in 
the risk fectors examined. More hy- 
pertensives, as expressed by history of 
hypertension or by antihypertensive 
treatment, more diabetics and ciga- 
rette smokers, and higher glucose val- 
ues were observed among blacks com- 
pared with the other two groups. 
Higher systolic blood pressure and he- 
moglobin values were found in whites. 
Both whites and blacks presented 
higher cholesterol values compared 
with Oriertals. In general, the preva- 
lence of risk factors was lower in Ori- 


. entals than in the other two groups. 


In comparing risk factors among 
groups with different cerebrovascular 
lesions (Table 3), a number of statisti- 
cally significant differences were 
found. Except for males, cigarette 
smoking, Giastolic blood pressure, and ` 
hemoglobin, the middle’ cerebral ar- 
tery group tended to have lower levels 

af s 


-1081 , 


Table 3.—Risk Factors by Location of Lesion* 


TANDEM 
(n = 237) 








Percentages 
Male 





Hypertension (history)+ 








Hypertension (medications) 








ECG left ventricular hypertrophy+ 








Ischemic heart disease§ 





ECG arrhythmia 








Diabetes 








Cigarette smokers} 








Means 
Age+ 





Systolic blood pressure 





Diastolic blood pressure 











Hemogiobin¢ 





Cholesterol 





Glucose 








Heart rate 


“MCA indicates middie cerebral artery; ICA internal carotid artery; TANDEM, lesions on MCA and ICA; and 


ECG, electrocardiogram. 
TP < 05. 
P< .01. 
§P < .001. 





Table 4.—Predictors of Lesion Category (MCA, ICA, TANDEM): The Importance of 
Race Adjusting for Risk Factors Discriminant Function Analysis Summary Table* 


F Value 
to Enter 


Varlable Entered 


Degrees 
of Freedom 











Age 11.710 - 


2,1155 





Smoking 





5.955 


4,2308 











Hypertension (medications} 


5.353 


6,2306 








ECG left ventricular hypertrophy 


4.476 


8,2304 





Cholesterol 





4.272 





10,2302 








Sex 


4.080 


12,2300 








Systolic blood pressure 
Heart rate 





2.062 





14,2298 





1.808 


16,2296 





Hemogiobin 


1.500 


18,2294 





Diastolic blood pressure 


.B77 





Glucose 


944 


20,2292 
22,2290 








ECG arrhythmia 


-170 24,2288 





Diabetes 





.119 26,2286 





Hypertension (history) 





‘037 28,2284 





Race 
Oriental 


45.730 





30,2282 








Black 


4.928 








32,2280 


*MCA indicates middle cerebral artery; ICA, internal carotid artery; TANDEM, lesions on MCA and ICA; ECG, 


electrocardiogram, and NS, not significant. 


of the risk factors examined. 

To answer the main question posed 
by this study, ie, can racial difference 
in the locations of cerebrovascular le- 
sions be explained by differences in 
risk factors, a discriminant function 
analysis was performed. The three ra- 
cial groups were encoded in two binary 
variables (blacks vs all,other patients 
and Orientals vs all other patients). 
The location of the patient’s lesion 
(middle cerebral artery, internal ca- 
rotid artery, TANDEM) served as the 
dependent variable. Risk factor vari- 
ables were forced to enter the model on 
the first step. Then the predictive value 
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of the racial variables was assessed, ie, 
after having controlled for the risk 
factor variables already in the model 
(Table 4). Age, smoking, treatment for 
hypertension, electrocardiographic 
signs of left ventricular hypertrophy, 
cholesterol, sex, and systolic blood 
pressure proved to be significant pre- 
dictors. After controlling for these risk 
factors; race remained statistically 
significant (P < .001). 

As for cerebrovascular lesions, both 
intermittent claudication and ische- 
mic heart disease were significantly 
different across racial groups (Table 
1), and followed the same pattern seen 


for internal carotid artery lesions (in- 
creasing from a low among Orientals 
to a high among whites, with blacks in 
between). In an attempt to determine 
the relative roles of risk factors and 
race in relation to these racial differ- 
ences also, the same multivariate dis- 
criminating function procedure de- 
scribed previously was repeated by 
analyzing the predictive effect of the 
same variables (risk factors and race) 
on ischemic heart disease and inter- 
mittent claudication, respectively, by 
two separate models. Electrocardio- 
graphic arrhythmia, hypertension 
treatment, age, hemoglobin, choles- 
terol, glucose, heart rate, sex, history 
of hypertension, and diastolic blood 
pressure (in decreasing order of im- 
portance) proved to be significant pre- 
dictors of ischemic heart disease. Of 
the two racial variables only Orientals 
showed a significant discriminant ef- 
fect after having controlled for the risk 
factor variables (P < .001). i 

Systolic blood pressure, cholesterol, 
diastolic blcod pressure, sex, age, 
smoking, and hypertension history (in 
decreasing order of importance) 
proved to be significant predictors of 
intermittent claudication. Again of 
the two racial variables only Orientals 
showed a significant discriminant ef- 
fect after having controlled for the risk 
factor variables (P < .001). 


COMMENT 


These results suggest that in a mul- 
tiracial population of patients with re- 
cent symptoms of cerebral ischemia, 
difference in location of angiographic 
lesion in the anterior cerebral circula- 


` tion, as well as in the distribution of 


cases with ‘clinical signs of ischemic 
heart disease and peripheral vascular 
disease, may be explained indepen- 
dently both by risk factors and by race. 
The effect of race on distribution of oc- 
clusive cerebrovascular lesion appears 
statistically strong and valid for both 
blacks and Orientals. However, only 


Orientals were a significant predictor | 


of the presence or absence of ischemic 
heart disease or intermittent claudi- 
cation. 
Inference may be limited by some 
selection biases. This series of patients 
was selected for a therapeutic trial of 
the effectiveness of a surgical proce- 
dure and therefore may not be repre- 
sentative. However, angiographic 
studies cannot be carried out ethically 
on population samples. Autopsy stud- 
ies can be affected by selection biases 
as well. Cases with a carotid lesion ac- 
cessible to carotid endarterectomy in 
the neck were excluded. Variations in 
interpretation of entry requirements 
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y 


me 


at the contributing centers when con- 
sidering candidates for carotid en- 
darterectomy or extracranial/intra- 
cranial anastomosis, may have deter- 
mined the proportion of cases with 
differing cerebrovascular sites. This 
hypothesis is unacceptable, since the 
participating centers had the skills 
and presumably the interest to per- 
form either operation. Moreover, the 
pattern observed in this study appears 
remarkably consistent with data from 
other pathologic! and angiographic 
studies? 

_ Another selection bias could be due 
to the exclusion from the study of more 
severe cases (those with excessive 
heart volume, recent myocardial in- 
farct, severe diabetes, or hyperten- 
sion). This kind of selection would 
more easily affect the data if negative 
results, ie, absence of variation in risk 
factors, were obtained. A bias in eval- 
uating the differences in risk factors 


may be linked to variability in the col- - 


lection of clinical information and in 
laboratory measurements among so 
large a number of geographically dif- 
ferent centers. Because the analysis of 
risk factors was not the primary aim of 
the EC/IC Bypass Study, the inter- 
center reliability in collecting risk fac- 
tor data has not been tested. Although 
a bias may exist, our observed varia- 
tions in risk factors are consistent 
with those reported in the litera- 
ture.’*!® Moreover, we used those data 
not to assess the specific role of single 
risk factors, but to evaluate general 
trends of their variation and correlate 
them with the variation of demo- 
graphic variables. 
Data on angiographic differences in 
cerebrovascular disease among differ- 
ent racial groups have been reported in 
the literature. An increased frequency 
of surgically treatable extracranial ca- 
rotid lesions in whites compared with 
blacks had been observed by Bauer and 
coworkers. In an angiographic com- 
parison between two groups of stroke 
patients, one Japanese, another 
American,’ the atherosclerotic occlu- 
sive vascular disease in the white pop- 
ulation was more commonly demon- 
strated in the extracerebral vessels 
than in the Japanese population, while 
atherosclerotic plaques were more fre- 
quent in the small intracranial vessels 
among the Japanese. Very high rates 
of middle cerebral artery stenosis (up 
to 61% of total stenosis) and middle 
cerebral artery occlusion (up to 62% of 


_ occlusions) were found by Tomita and 


Mihara‘ in an angiographic study of 
cerebrovascular disease in Japan. Dif- 
ferences in race distribution (white 
and black) between patients with non- 
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embolic occlusion of the middle cere- 
bral artery and internal carotid artery 
were observed by Heyden and co- 
workers.’ A higher frequenzy of occlu- 
sive disease of the intracrenial arter- 
ies was found among the 911 black as 
compared with the 5593 wh:te patients 
who entered into the Joirt Study of. 
Extracranial Arterial Occlusion» In 
an angiographic study of stroke pa- 
tients in Honolulu, Hawaii, a signifi- 
cant difference was found hy Brust’ in 
the ratio of frequency of involvement 
of the extracranial and intracranial 
vessels between whites and the Hawai- 
ian-born or native Japanese popula- 
tions. Russo® in an angiographic study 
of 50 patients with carotid system 
transient ischemic attacks found that 
in about three fourths of blacks the 
appropriate carotid artery was angio- 
graphically normal, while a normal 
carotid artery was ‘deteczed in less 
than half of the whites. More recently, 
in a study comparing 20 petients with 
occlusive disease of the middle cere- 
bral artery with 25 patierts with in- 
ternal carotid artery disease, Caplan 
et al" reported that patients with mid- 
dle cerebral artery lesions vere signif- 
icantly more often black than white, 
while the reverse applied to patients 
with internal carotid artery lesions. 
Some authors’ compared angio- 
graphic features of 26 white and 45 
black patients with symptomatic an- 
terior circulation occlusive disease and 
found that blacks had moze occlusive 
intracranial disease compared with 
whites. Similar results were obtained 
by the same study group” from the in- 
vestigation of racial differences in pos- 
terior circulation occlusive disease. 
Nishimaru et al?’ observed a lower fre- 
quency of severe extracranial lesions 
(>50%) in 32 Japanese patients com- 
pared with an equal number of age- 
and sex-matched Ameritan whites 
with carotid system transient is- 
chemic attacks. In the Stroke Data 
Bank (as reportec by Carlan et al”), 
patients with middle cerebral artery 


disease or with intracranial disease . 


(middle cerebral artery pus internal 
carotid artery syphon) were predomi- 
nantly black and female, while pa- 
tients with internal carotid artery or- 
igin disease were white and male. 
Some of the- studies cited examined 
the prevalence of risk faczors accord- 
ing to the location of cerebrovascular 
lesion and race. Heyden ez al* pointed 
out that ischemic heart disease, inter- 
mittent claudication, and typercholes- 
terolemia were more frequent among 


- patients with internal carotid artery 


occlusive lesions, compared with those 
with middle cerebral artery lesions, 
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“while the frequency of hypertension 


and diabetes was the same in both 
groups. Patients with middle cerebral 
artery disease were younger, more of- 
ten women, more frequently diabetic, 
but had less ischemic heart disease and 
hypercholesterolemia when compared 
with patients with disease of the in- 
ternal carotid artery. in the study of 
occlusive disease of the middle cere- 
bral artery by Caplan et al," while the 
incidence of hyperterision was equally 
common in the two groups. The Joint 
Study of Extracranial Arterial Occlu- 
sion’ made the following comparisons: 
(1) the frequency of severe hyperten- 
sion was higher among black patients 
compared with whites; (2) diabetes 
was present in more black women than 
in white women, but in more white 
men than in black men; (8) black pa- 
tients had significantly more coronary 
artery and peripheral vascular disease 
than white patients. Russo? could not 
find a difference in the prevalence of 
various clinical factors to explain the 
differences in angiographic abnormal- 
ities between black and white patients. 
Despite the observed differences in the 
location of cerebrovascular lesion, no 
risk factor differences were found be- 
tween white and black patients by 
Gorelick et al° Heart disease was 
more common in the American pa- 
tients, but the frequency of diabetes 
mellitus was greater in the Japanese 
patients in Nishimaru and coworkers’ 
study? 

Although it has been suggested on 
the basis of epidemiologie obser- 
vation" thai differential prevalence of 
risk factors could explain variations in 
the site of vascular lesions between 
different ethnie groups, most of the 
above-mentioned studies tend to ex- 
clude the influence of risk factors and 
to indicate zhat race alone is involved 
in these differences. However, these 
studies were carried out on a restricted 
number of cases, so that it was difficult 
to assess the independent effect of race 
and risk factors on location of cere- 
brovascular lesion. Moreover, no ear- 
lier study is available that compares 
both Oriental and black patients with 
white patients. Our study, despite the 
selection biases, which could have af- 
fected the ozher hospital series of cases 
as well, was carried out on a large pop- 
ulation of patients, where Oriental, 
black, and white patients were in- 
cluded, anc in which a multivariate 
analysis of the independent effect of 
multiple factors could be properly per- 
formed. f 

Our results indicate that large dif- 
ferences may exist between groups of 
patients with symptoms of cerebral 
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ischemia of different races and be- 
tween groups of patients with a dif- 
ferent site of lesion, according to the 
distribution of some of the conven- 
tional risk factors. However, race has 
an independent effect in such distribu- 
tion patterns. This result is consistent 
- with the combined information com- 
ing from the Honolulu angiographic 
study,’ and the epidemiologic observa- 
tions of the Ni-Hon-San Study.!* In 
the Brust angiographic study,’ no dif- 
ference was found in the pattern of lo- 
cation of cerebrovascular lesion -site 
between Hawaii-born and native Jap- 
anese stroke patients, while a gradient 
in the distribution of prevalences of 
risk factors (blood pressure and hy- 
percholesterolemia) and comorbid 
vascular conditions was observed be- 
tween these two Ni-Hon-San patient 
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populations. Intermediate prevalences 
were observed for differently located 
vascular lesions in our black group 
compared with the other two racial 
groups, although blacks were more of- 
ten hypertensives, diabetics, and ciga- 
rette smokers, and had higher glucose 
and cholesterol levels. Moreover, in the 
multivariate analysis, although the 
blacks showed a significantly predic- 


‘tive effect related to location of cere- 
-brovascular lesion, it was not a signif- 


icant predictor of ischemic heart dis- 
ease or intermittent claudication. 
These observations could be attributed 
to the fact that blacks and whites in 
the United States are now inter- 
marrying, producing varying degrees 
of black/white offspring. 

Pathologic inferences cannot be 
drawn from’ our data. However, 
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the course of therapy 
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pergolide mesylate 
Brief Summary. Consult the package literature for complete information. 


Indications and Usage: Permax is indicated as adjunctive treatment to 
levodopa/carbidopa in the Management of the signs and symptoms of Parkin- 
son's disease 

Evidence to support the efficacy of pergolide mesylate as an antiparkinso- 
Mian adjunct was obtained in a multicenter study enrolling 376 patients with 
mild to moderate Parkinson's disease who were intolerant to levodopa/ 
carbidopa as manifested by moderate to severe dyskinesia and/or on-off phe- 
nomena. On average, the sample of patients evaluated had been on levodopa/ 
Carbidopa for 3.9 years (range. two days to 16.8 years). The administration of 
pergolide mesylate permitted a 5% to 30% reduction in the daily dose of 
levodopa. On average. these patients treated with pergolide mesylate main- 
tained an equivalent or better clinical status than they exhibited at baseline 


Contraindications: Pergolide mesylate is contraindicated in patients who are 
hypersensitive to this drug or other ergot derivatives 


Warnings: Symptomatic Hypotension —in clinical trials, approximately 10% 
of patients taking pergolide mesylate with levodopa vs 7% taking placebo with 
levodopa experienced symptomatic orthostatic and/or sustained hypotension 
especially during initial treatment. With gradual dosage titration, tolerance to 
the hypotension usually develops. It is, therefore, important to warn patients of 
the risk, to begin therapy with low doses, and to increase the dosage in care- 
fully adjusted increments over a period of three to four weeks 

Hailucinosis —In controlled trials. pergolide mesylate with levodopa caused 
hallucinosis in about 14% of patients as opposed to 3% taking placebo with 
levodopa. This was of sufficient severity to cause discontinuation of treatment 
in about 3% of those enrolled; tolerance to this untoward effect was not 
observed 

Fatalities —in the placebo-controlled trial, two of 187 patients treated with 
placebo died as compared with one of 189 patients treated with pergolide 
mesylate. Of the 2.299 patients treated with pergolide mesylate in premarketing 
studies evaluated as of October 1988, 143 died while on the drug or shortly 
after discontinuing the drug. The patient population under evaluation was 
elderly, ill, and at high risk for death. It seems unlikely that berate mesylate 
played any role in these deaths, but the possibility that pergolide shortens sur- 
vival of patients cannot be excluded with absolute certainty. 

In particular, a case-by-case review of the clinical course of the patients who 
died failed to disclose any unique set of signs, symptoms, or laboratory results 
that would suggest that treatment with pergolide caused their deaths Sixty- 
eight percent (68%) of the patients who died were 65 years of age or over. No 
death (other than a suicide) occurred within the first month of treatment: most 
of the patients who died had been on pergolide for years. A relative frequency of 
the causes of death by organ system are pulmonary failure/pneumonia, 35%; 
cardiovascular, 30%: cancer, 11%; unknown, 8 4%: infection, 3.5%; extrapyra- 
midal syndrome. 3.5%: stroke, 2.1%, dysphagia, 2.1%; injury, 1.4%. suicide. 
1.4%; dehydration, 0.7%; glomerulonephritis, 0.7% 


Precautions: General —Caution should be exercised when administering 
pergolide mesylate to patients prone to cardiac dysrhythmias. 

In a study comparing pergolide mesylate and placebo, patients taking 
pergolide mesylate were found to have significantly more episodes of atrial 
premature contractions (APCs) and sinus tachycardia 

The use of pergolide mesylate in patients on levodopa may cause and/or 
exacerbate preexisting states of confusion and hallucinations (see Warnings) 
Also, the abrupt discontinuation of pergolide mesylate in patients receiving it 
chronically as an adjunct to levodopa may precipitate the onset of hallucina- 
tions and confusion; these may occur within a span of several days. Discontin- 
uation of pergolide should be undertaken gradually whenever possible, even if 
the patient is to remain on levodopa 

The administration of pergolide mesylate to patients receiving levodopa may 
Cause and/or exacerbate preexisting dyskinesia 

Information for Patients —Patients and their families should be informed of 
the common adverse consequences of the use of pergolide mesylate (see 
Adverse Reactions) and the risk of hypotension (see Warnings) 

Patients should be advised to notify their physician if they become pregnant 
or intend to become pregnant during therapy 

Patients should be advised to notify their physician if they are breast feeding 
an infant. 

Laboratory Tests —No specific laboratory tests are deemed essential for the 
Management of patients on Permax Periodic routine evaluation ot all patients 
however, is appropriate 

Drug Interactions —Dopamine antagonists, such as the neuroleptics (phe- 
nothiazines, butyrophenones. thioxanthines) or metoclopramide. ordinarily 
should not be administered concurrently with Permax (a dopamine 
agonist), these agents may diminish the effectiveness of Permax 

Because pergolide mesylate is approximately 90% associated with plasma 
Proteins, caution should be exercised if pergolide mesylate is coadministered 
with other drugs known to affect protein binding 

Carcinogenesis, Mutagenesis, and Impairment of Fertility —A two-year 
Carcinogenicity study was conducted in mice using dietary levels of pergolide 
mesylate equivalent to oral doses of 0 6, 3 7. and 36.4 mg/kg/day in males and 
0.6, 4 4, and 40 8 mg/kg/day in females. A two-year study in rats was con- 
ducted using dietary levels equivalent to oral doses of 0.04. 0.18, and 0.88 
mg/kg/day in males and 0.05. 0 28. and 1.42 mg/kg/day in females. The 
highest doses tested in the mice and rats were approximately 340 and 12 times 
the maximum human oral dose administered in controlled clinical trials (6 mg 
day equivalent to 0 12 mg/kg/day) 

A low incidence of uterine neoplasms occurred in both rats and mice 
Endometrial adenomas and carcinomas were observed in rats. Endometrial 
sarcomas were observed in mice. The occurrence of these neoplasms is prob- 
ably attributable to the high estrogen/progesterone ratio which would occur in 
rodents as a result of the prolactin-inhibiting action of pergolide mesylate. The 
endocrine mechanisms believed to be involved in the rodents are not present in 
humans. However, even though there is no known correlation between uterine 
malignancies occurring in pergolide-treated rodents and human risk, there are 
no human data to substantiate this conclusion. 

Pergolide mesylate was evaluated for mutagenic potential in a battery of 
tests that included an Ames bacterial mutation assay, a DNA repair assay in 
cultured rat hepatocytes, a point-mutation assay in cultured L5178Y cells, and 
a determination of chromosome alteration in bone marrow cells of Chinese 
hamsters. A weak mutagenic response was noted in the in vitro mammalian 
Cell-point-mutation assay using L5178Y cells only after metabolic activation 
with rat liver microsomes. No mutagenic effects were obtained in the two other 
in vitro assays and in the in vivo assay. The relevance of these findings to 
humans is unknown 

A fertility study in male and female mice showed that fertility was maintained 
at 0.6 and 1 7 mg/kg/day but decreased at 5.6 mg/kg/day. Prolactin has been 
reported to be involved in Stimulating and maintaining Progesterone levels 
required for implantation in mice and, therefore, the impaired fertility at high 
dose may occur because of depressed prolactin levels 

Usage in Pregnancy—Pregnancy Category 8 —Reproduction studies were 
Conducted in mice at doses of 5, 16, and 45 mg/kg/day and in rabbits at doses 
of 2. 6, and 16 mg/kg/day. The highest doses tested in mice and rabbits were 
375 and 133 times the 6 mg/day maximum human dose administered in con- 
trolled clinical trials. In these studies, there was no evidence of harmto the fetus 
due to pergolide mesylate 

There are, however, no adequate and well-controlled studies in pregnant 
women. Among women who received pergolide mesylate for endocrine disor- 
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ders in premarketing studies, there were 33 pregnancies that resulted in healthy 
babies and four pregnancies that resulted in congenital abnormalities (two 
major, two minor); a causal relationship has not been established. Because 
human data are limited and because animal reproduction studies are not 
always predictive of human response, this drug should be used during preg- 
nancy only if clearly needed 

Nursing Mothers —It is not known whether this drug is excreted in human 
milk. The pharmacologic action of pergolide mesylate suggests that it may 
interfere with lactation. Because many drugs are excreted in human milk and 
because of the potential for serious adverse reactions to pergolide mesylate in 
nursing infants. a decision should be made whether to discontinue nursing orto 
discontinue the drug, taking into account the importance of the drug to the 
mother. 

ae Use —Safety and effectiveness in children have not been estab- 
lishe! 


Adverse Reactions: Commonly Observed —In premarketing clinical trials, the 
Most commonly observed adverse events associated with use of pergolide 
mesylate which were not seen at an equivalent incidence among placebo- 
treated patients were: nervous system complaints, including dyskinesia, hallu- 
Cinations, somnolence, insomnia; digestive complaints, including nausea, 
constipation. diarrhea, dyspepsia; and respiratory system complaints, includ- 
ing rhinitis. 

Associated With Discontinuation of Treatment —Twenty-seven percent 
(27%) of approximately 1,200 patients receiving pergolide mesylate for treat- 
ment of Parkinson's disease in premarketing clinical trials inthe US and Canada 
discontinued treatment due to adverse events. The events most commonly 
Causing discontinuation were related to the nervous system (15.5%), primarily 
hallucinations (7.8%) and confusion (1.8%) 

Fatalities—See Warnings. 

incidence in Controlled Clinical Trials —The table that follows enumerates 
adverse events that occurred at a frequency of 1% or more among patients 
taking pergolide mesylate who participated in the premarketing controlled clin- 
ical trials comparing pergolide mesylate with placebo. In a double-blind, con- 
trolled study of six months’ duration, patients with Parkinson's disease were 
continued on levodopa/carbidopa and were randomly assigned to re- 
ceive either pergolide mesylate or placebo as additional therapy 

The prescriber should be aware that these figures cannot be used to predict 
the incidence of side effects in the course of usual medical practice where 
patient characteristics and other factors differ from those which prevailed 
in the clinical trials. Similarly, the cited frequencies cannot be compared with 
figures obtained from other clinical investigations involving different treat- 
ments, uses, and investigators. The cited figures. however, do provide the pre- 
scribing physician with some basis for estimating the relative contribution of 
drug and nondrug factors to the side-effect incidence rate in the population 
Studied 


Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 
Percentace of Patients Reporting Events 
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N=189 N=187 





Body System/ 
Adverse Event* 


Body as a Whole 
Pain 
Abdominal pain 
Injury, accident 
Headache 
Asthenia 
Chest pain 
Flu syndrome 
Neck pain 
Back pain 
Surgical procedure 
Chills 
Face edema 
Infection 

Cardiovascular 


Postural hypotension 
Vasodilatation 
Palpitation 
Hypotension 
Syncope 
Hypertension 
Arrhythmia 
Myocardial infarction 


Digestive 
Nausea 
Constipation 
Diarrhea 
Dyspepsia 
Anorexia 
Dry mouth 
Vomiting 

Hemic and Lymphatic 
Anemia ti <1 

Metabolic and Nutritional 


Peripheral edema 74 4 

Edema 16 0 

Weight gain 16 0 
Musculoskeletal 

Arthralgia 1 

Bursitis 1 

Myalgia 1 

Twitching 1 
Nervous System 

Dyskinesia 624 

Dizziness 191 

Hallucinations 138 

Dystonia 116 

Confusion 11.1 

Somnolence 1 

Insomnia 

Anxiety 

Tremor 

Depression 

Abnormal dreams 

Personality disorder 

Psychosis 

Abnormal gait 

Akathisia 

Extrapyramidal syndrome 

Incoordination 

Paresthesia 

Akinesia 

Hypertonia 

Neuralgia 

Speech disorder 
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Permax” (pergolide mesylate, Lilly) 


Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 
Percentage of Patients Reporting Event 


Pergolide Mesylate Placeb 
N=189 N=18 


Body System/ 
Adverse Event* 


Respiratory System 
Rhinitis 2 
Dyspnea 48 
16 
11 





Epistaxis 

Hiccup 

Skin and Appendages 

Rash 3 } 
Sweating 2 


Special Senses 
Abnormal vision 5 
Diplopia 2 
Taste perversion 1 
Eye disorder 1 


Urogenital System 
Urinary frequency 27 
Urinary tract infection 27 
Hematuria 11 


"Events reported by at least 1% of patients receiving pergolide mesylate are 
included 


64 
37 
1 


< 





Events Observed During the Premarketing Evaluation of Permax —This sec- 
tion reports event frequencies evaluated as of October 1988 for adverse events 
Ocurring in a group of epproximately 1.800 patients who took multiple doses of 
pergolide mesylate The conditions and duration of exposure to pergolide 
mesylate varied greatiy, involving well-controlled studies as well as experience 
in open and uncontrolled clinical settings. In the absence of appropriate con- 
trols in some of the studies. a causal relationship between these events and 
treatment with pergolide mesylate cannot be determined 

The following enumeration by organ system describes events in terms of 
their relative frequency of reporting in the data base. Events of major clinical 
importance are also described in the Warnings and Precautions sections 

The following definitions of frequency are used: frequent adverse events are 
defined as those occurring in at least 1/100 patients: infrequent adverse events 
are those occurring in 1/100 to 1/1,000 patients: rare events are those occur- 
ong in fewer than 1/1,000 patients. 

jody as a Whole — Frequent: headache. asthenia, accidental injury, abdom- 
inal pain, chest pain, back pain, flu syndrome. neck pain, fever; Infrequent 
facial edema, chills, enlarged abdomen, malaise. neoplasm, hernia. pelvic 
pain, sepsis. cellulitis. moniliasis, abscess, jaw pain, hypothermia, Rare acute 
abdominal syndrome, LE syndrome 

Cardiovascular System — Frequent postural hypotension. syncope hyper- 
tension, palpitations, vasodilatations, congestive heart failure, Infrequent 
myocardial infarction tachycardia, heart arrest, abnormal electrocardiogram, 
angina pectoris, thrombophlebitis, bradycardia. ventricular extrasystoles, 
cerebrovascular accident, ventricular tachycardia. cerebral ischemia, atrial 
fibrillation. varicose vein, pulmonary embolus, AV block, shock 
Rare: vasculitis. pulmonary hypertension, pericarditis, migraine, heart block, 
cerebral hemorrhage 

Digestive System — Frequent: nausea, vomiting, dyspepsia, diarrhea, con- 
stipation, dry mouth, dysphagia: /nfrequent: flatulence. abnormal liver function 
tests, increased appetite, salivary gland enlargement, thirst. gastroenteritis, 
gastritis, periodontal abscess, intestinal obstruction, nausea and vomiting, 
gingivitis, esophagitis. cholelithiasis, tooth caries, hepatitis, stomach ulcer, 
melena, hepatomegaly, hematemesis, eructation; Rare: sialadenitis, peptic 
ulcer, pancreatitis, jaundice, glossitis, fecal incontinence, duodenitis, colitis 
cholecystitis, aphthous stomatitis, esophageal ulcer. 

Endocrine System — Infrequent: hypothyroidism. adenoma. diabetes melli- 
tus, ADH inappropriate: Rare: endocrine disorder, thyroid adenoma 

Hemic and Lymphatic System — Frequent. anemia, Infrequent: leukopenia 
lymphadenopathy, leukocytosis, thrombocytopenia, petechia, megaloblasuc 
anemia, cyanosis. Rare: purpura, lymphocytosis, eosinophilia, thrombo- 
cythemia, acute lymphoblastic leukemia. polycythemia splenomegaly 

Metabolic and Nutritional System — Frequent peripheral edema, weight 
loss, weight gain: in‘requent: dehydration, hypokalemia hypoglycemia.iron 
deficiency anemia, hyperglycemia. gout hypercholesteremia, Rare elec- 
trolyte imbalance, cachexia, acidosis, hyperuricemia 

Musculoskeletal System — Frequent: twitching, myalgia. arthralgia, Infre- 
quent: bone pain, tenosynovitis, myositis, bone sarcoma. arthritis; Rare 
Osteoporosis. muscle atrophy, osteomyelitis 

Nervous System —Frequent: dyskinesia, dizziness, hallucinations, confu- 
sion, somnolence. insomnia. dystonia. paresthesia, depression, anxiety, 
tremor, akinesia, extrapyramidal syndrome, abnormal gait, abnormal dreams. 
incoordination. psychosis, personality disorder, nervousness, choreoatheto- 
SIS, amnesia, paranoid reaction, abnormal thinking: Infrequent: akathisia, neu- 
ropathy, neuralgia, hypertonia, delusion, convulsion, libido increased, 
euphoria, emotional lability, libido decreased. vertigo, myoclonus, coma. apa- 
thy, paralysis, neurosis, hyperkinesia, ataxia, acute brain syndrome, torticollis, 
meningitis, manic reaction, hypokinesia, hostility, agitation, hypotonia, Rare 
Stupor, neuritis, intracranial hypertension, hemiplegia, facial Paralysis, brain 
edema, myelitis, hallucinations and confusion after abrupt discontinuation 

Respiratory System — Frequent: rhinitis. dyspnea, pneumonia, pharyngitis. 
cough increased; /n/requent. epistaxis, hiccup, sinusitis, bronchitis. voice 
alteration. hemoptysis, asthma, lung edema. pleural effusion. laryngitis, 
emphysema, apnea hyperventilation, Rare: pneumothorax, lung fibrosis, 
larynx edema, hypoxia. hypoventilation, hemothorax, carcinoma of lung 

Skin and Appendages System — frequent sweating, rash. Infrequent skin 
discoloration, pruritus, acne, skin ulcer. alopecia, dry skin, skin carcinoma, 
seborrhea. hirsutism, herpes simplex. eczema, fungal dermatitis, herpe 
zoster: Rare: vesiculobullous rash, subcutaneous nodule, skin nodule, sk 
benign neoplasm, lichenoid dermatitis 

Special Senses System — Frequent: diplopia. Infrequent: otitis media, con- 
junctivitis, tinnitus. deafness, taste perversion, ear pain, eye pain, glaucoma 
eye hemorrhage, photophobia, visual field defect: Rare: blindness, cataract 
retinal detachment. retinal vascular disorder 

Urogenital System —Frequent: urinary tract infection, urinary frequency, 
urinary incontinence. hematuria, dysmenorrhea; Infrequent: dysuria, breast 
pain, menorrhagia. impotence, cystitis. urinary retention, abortion vaginal 
hemorrhage. vaginitis, priapism, kidney calculus, fibrocystic breast, lactation, 
uterine hemorrhage, urolithiasis, salpingitis, pyuria, metrorrhagia. menopause. 
kidney failure. breast carcinoma, cervical carcinoma; Rare: amenorrhea, blad- 
der carcinoma, breast engorgement, epididymitis, hypogonadism, leukorrhea, 
nephrosis, pyelonephritis, urethral pain, uricaciduria. withdrawal bleeding 
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The Large Striatocapsular Infarct 


A Clinical and Pathophysiological Entity 


Cornelius Weiller, MD; E. Bernd Ringelstein, MD; Werner Reiche, MD; Armin Thron, MD; Udalrich Buell, MD 


e We examined 29 patients with strictly 
subcortical large striatocapsular infarc- 
tions. Eight of them had aphasia or ne- 
glect. All patients underwent transcranial 
Doppler ultrasonography or selective ca- 
rotid angiography, magnetic resonance 
imaging, and single photon emission to- 
mography for assessment of cerebral 
blood flow, blood volume, and cerebral 
perfusion reserve. The signs were com- 
patible with cortical territorial infarctions 
rather than lacunes. On both magnetic 
resonance imaging and computed tomo- 
graphic scans, the lesions corresponded 
to the territories of the medial and lateral 
group of the lenticulostriate arteries, 
Heubner’s artery, or the anterior choroidal 
artery. The infarctions were either due to 
cerebral embolization into the M1 segment 
of the middle cerebral artery or due to 
stenosis at the same site, ie, lesions that 
acutely and simultaneously occluded the 


hree pathogenetically different 

types of infarctions occur in the 
territory of the lenticulostriate arter- 
ies. Computed tomography (CT) per- 
mits differentiation of the so-called 
large lentiform nucleus infarctions or 
large striatocapsular infarcts'* from 
so-called lacunes*® and terminal sup- 
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orifices of the lenticulostriate or neighbor- 
ing arteries. Persistent occlusion of the 
middle cerebral arteries and a decrease of 
cortical regional cerebral blood flow were 
only found in patients with aphasia or ne- 
glect. All patients without aphasia or ne- 
glect showed a rapid recanalization of the 
middle cerebral artery occlusion or a 
stenosis of the M1 segment and no corti- 
cal regional cerebral blood flow decrease. 
Large striatocapsular infarctions occur 
due to occlusive disease of the middle ce- 
rebral artery (large-vessel disease) and 
not due to a disseminated in situ occlusion 
of the long penetrating arteries (small- 
vessel disease), as in lacunes. Neuropsy- 
chological deficits can be explained by 
decreased cortical blood flow due to a 
persistent occlusive lesion of the middle 
cerebral artery. 
(Arch Neurol. 1990;47:1085-109 1) 


ply-area infarctions.’ 

The clinical picture, prognosis, and 
pathogenesis of large striatocapsular 
infarcts have been described to some 
extent. The aim of this study was to 
add further detail to its pathophysiol- 
ogy and to find an explanation for so- 
called cortical symptoms that are fre- 
quently associated with these subcor- 
tical lesions. This study was not 
intended to correlate in detail aphasic 
or neuropsychological signs with the 
localization and extension of lesions. 


PATIENTS AND METHODS 


Between October 1986 and April 1989, 29 
patients with acute striatocapsular infarc- 
tions were examined. Eight had aphasia or 
neglect and 21 had no abnormality on neu- 
ropsychological testing. Patients were se- 
lected according to the following CT crite- 


ria: the maximum diameter of the lesion 
exceeded 2.0 cm, and the residual brain tis- 
sue, particularly the overlying cortex, ap- 
peared normal. All patients were examined 
within 3 days at the latest after onset of 
symptoms. Severity of motor disability was 
rated as none, mild, moderate, or severe. 
Aphasia was assessed by the Aachen Apha- 
sia Test (AAT).’ Neglect was evaluated 
during neuropsychological bedside exami- 
nation. Patients’ informed consent was ob- 
tained prior to each study. 

Eight subjects without central nervous 
system abnormalities served as controls for 
single photon emission computed tomo- 
graphic (SPECT) studies. 

All patients underwent intra-arterial se- 
lective arteriography or extracranial and 
transcranial Doppler sonography (TCD) 
(TCD 2-64, EME, Uberlingen, West Germa- 
ny). Angiography was performed in eight 
patients within 6 hours after onset of symp- 
toms and again 1.5 hours to 9 days later. In 
eight patients, occlusion of the middle ce- 
rebral artery (MCA) was monitored by TCD 
6, 12, 24, 48, and 72 hours and 2 and 3 weeks 
after onset of stroke symptoms. 

A Somatom DRH (Siemens, Erlangen, 
West Germany) was used for CT scanning. 
The largest diameter of each lesion was 
measured. All infarctions were entered into 
a computer-processible, standardized grid 
model of brain slices,*’ which were derived 
from templates of the atlas of Matsui and 
Hirano.” The vascular territories of the 
basal ganglia were defined according to the 
literature.!' 

Single photon emission computed tomog- 
raphy was performed within 28 days (me- 
dian, 8 days) after onset of symptoms with 
a rotating double-head gamma camera, 
equipped with low-energy all-purpose col- 
limators (Rota-Dual, Siemens-Gammason- 
ics, Erlangen). The protocol is described 
elsewhere in detail.'* During imaging, the 
orbitomeatal line (OML) was defined by ra- 
dioactive markers, attached on either side 
of the patient’s head. Regional cerebral 
blood flow (rCBF) imaging was done after 
injection of 370 MBq of technetium Tc 99m 
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hexamethy] propylenamine oxime (data set 
1). After consecutive injection of pyrophos- 
phate and 740 MBg of technetium Tc 99m 
pertechnetate, without having changed the 
patient’s position, a second rotation was 
done to visualize the sum of both rCBF and 
regional cerebral blood volume (rCBV) (ie, 
red blood cell volume) (data set 2). Mathe- 
matical subtraction of set 2 minus set 1 
yielded rCBV. Thereafter, rCBF was di- 
vided by rCBV pixel by pixel to obtain a ra- 
tio, which is supposed to correlate with the 
so-called cerebral perfusion reserve 
(rCPR)." 

Magnetic resonance imaging (MRI) was 
done on the same day as SPECT with a 1.5- 
T unit (Magnetom, Siemens, Erlangen) to 
establish contiguous transaxial proton-, T,- 
, and T,-weighted slices of 6 mm thickness. 
For the first four patients (Nos. 13, 14, 17, 
and 24), MRI was not yet available. 

To correlate rCBF with morphologic 
findings, an overlay technique was intro- 
duced. Data sets of MRI and SPECT were 
matched in a Max-Delta system (Micro 
VAX II [Digital Equipment Corp] attached 
to a Micro-Delta; Siemens-Gammasonics, 
Erlangen). After adjustment for orienta- 
tion, referring to the OML (employing re- 

‘arrangement of data to obtain coronal 


views), SPECT data from slices (thickness, 
2 pixels) were zoomed up to meet the size of 
the MRI slices. Two MRI slices were added, 
and both matrices were adjusted to 
128 X 128 pixels. Identical slices were re- 
called on the monitor simultaneously. Re- 
gions of interest (ROI) no smaller than 400 
pixels were placed to frame contours of to- 
pographically defined areas seen on MRI. 
Such ROI were transferred to identical 
SPECT slices, and rCBF, rCBV, and rCPR 
were calculated as interhemispherical ra- 
tios (affected side divided by the nonaf- 
fected side). 

All patients were followed up for 3 
months to 3 years, except for two who died 
within 4 months from intracerebral bleed- 
ing or myocardial infarction. 

Group comparisons were done with 
Kruskal-Wallis and subsequent pairwise U 
tests. P values were interpreted according 
to the sequential multiple test procedure 
devised by Holm.: 


RESULTS 


Nine women and 20 men were en- 
rolled in the study (mean age, 55 years; 
range, 22 to 86 years) (Table 1). Onset 
of stroke was acute for all patients; 9 







Presenting 


Table 1.—Clinical, Angiologic, and Pathogenetic Data of 29 Patients With Large Striatocapsular Infarctions* 






patients had preceding transient is- 
chemic attacks in the same territory 
and 2 patients had progressive strokes. 
Thirteen patients had severe sensori- 
motor paresis. Six patients had pure 
motor paresis. Four patients with 
right-sided infarction had severe ne- 
glect. Five patients had aphasia (2 
with Broca aphasia, 1 with Wernicke 
aphasia, 1 with amnesic aphasia, and 1 
with global aphasia). Four of these 5 
patients were right-handed and had 
left-sided infarction. A left-handed 
woman had right-sided infarction, 
Broca aphasia, and spatial neglect. 
During follow-up, 8 patients became 
free of symptoms. Degree of motor 
paresis had improved in another 7 pa- 
tients. Aphasia was still present dur- 
ing follow-up in the 5 patients who 
presented initially with aphasia (2 
with transcortical sensory aphasia, 2 
with slight residual aphasia, and 1 
with global aphasia). Patients with 
aphasia or neglect tended to have a 
more severe paresis than those with- 
out aphasia or neglect, and their prog- 




























































































































































































































































































* HP indicates hemiparesis; HS, hemisensory loss; 


tVascular territories as follows: LL, lateral group; LM, medial group of lenticulostriate arteries 
Internal carotid artery (ICA) and medial cerebral artery (MCA) findings as follows: Norm, normal 


Patient No./ Symptoms Aphasia/ Follow-up Source of 
Age, y/Sex Side (Degree) Neglect (Degree) Territory ICAt MCAt Cardiac Emboli§ 
1/63/F L HP (M) Broca Trans-Sens LL, LM, HA, AC Norm Norm None 
2/57/F R HP, HS (M) Broca / Sp Negl Res LL, HA Norm Norm None 
3/62/M L HP, HS (S) Wernicke Trans-Sens LL, LM Norm Norm Mural thrombus 
4/49/F R HP, HS (M) Sp Negl HP, HS (M) Li. Norm Norm Endocarditis 
5/47/M R HP, HS (S) Sp Negl HP, HS (M) LL, AC Ocl M1 Ocl + None 
6/54/M E HP, HS (S) Global HP, HS (S) LL, LM, HA, AC Ocl M1 Ocli+ Mural thrombus 
7/57/M R HP, HS (S) SP Negl HP, HS (S) LL, LM Norm M1 Ocl+ None 
8/48/F È HP, HS (S) Amnesic Res LL, HA, AC Sten M1 Ocl+ Dissection 
9/67/F R HP, HS (M) None Res LL, AC Sten M1 Sten cud 
10/52/M L HP, HS, D (L) None Res LL Norm Norm Endocarditis 
11/54/M L HP, HS, D (S) None HP, HS (M) D LL Norm Norm None 
12/43/M L HP, HS (M) None Norm LL Norm M1 Ocl+ Mural thrombus 
13/22/M L HP, HS (M) None HP, HS (L) LL, HA Norm M1 Ocl+ Endocarditis 
14/52/M R HP, HS (M) None Norm LL, LM, HA Norm M1 Sten+ 
15/38/M R HP, D (S) None HP (M) LL, LM, HA, AC Sten M1 Sten+ 
16/86/F R HP, HS (S) None HP, HS (M) LL Ocl M1 Ocl None 
17/75/M R HP (M) None Died after 2 wk LL Norm Norm Valve vitium 
18/41/M L HP, HS (M) None Norm LL, LM Norm M1 Sten+ zi 
19/49/M R HP, HS (S) None Norm LL, AC Norm Norm Mural thrombus 
20/61/F L HP, HS (S) None HP, HS (M) LL, AC Norm Norm Mural thrombus 
21/73/M R HP, HS (S) None HP, HS (M) LL, HA Norm Norm None 
22/68/M R HP, HS (S) None Died after 4 mo LL, AC Ocl M1 Ocl+ Mural thrombus 
23/69/M R HP, HS (M) None Died after 4 mo LL, LM, AC Sten M1 Ocl+ Acute infarction 
24/46/F R HP (M) None Norm LL, LM, HA Norm M1 Ocl+ None 
25/44/F R HP, HS, D (S) None Norm LL Norm M1 Ocl+ Mural thrombus 
26/51/M R HP, D (L) None Norm LL, HA Ocl Norm Fa 
27/60/M E HP, HS, D (M) None Norm LL Norm Norm Endocarditis 
28/48/M L HP, HS, D (L) None Norm LL, AC Norm Norm Mural thrombus 
29/45/M [3 HP (L) None Norm LL, LM, HA Norm Norm None 






degree of symptoms: S, severe (paralysis of one limb); M, moderate; and L, light; D, dysarthria; Sp Negl, spatial 
neglect; Trans-Sens, transcortical sensory aphasia; and Res, slight residual aphasia. 


M1 segment; plus sign, angiographic findings at first contact, follow-up available. 
§Detected by transthoracic or transesophageal echocardiography. Endocarditis denotes acute vegetations with embolism to other organs. 
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; HA, Heubner artery; and AC, anterior choroidal artery. 
findings; Ocl, occlusion of the vessel; and Sten, stenosis. M1 indicates 
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a 


noses were worse. 

All lesions visible on CT were com- 
ma-shaped, lens-shaped, or triangular. 
Sixteen infarctions were located on the 
right side, and 13 were located on the 
left side. The lesions showed the same 
size, location, and extension on MRI 
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(mean maximum diameter, 3.5 cm) as 
on CT (mean maximum diameter, 3.6 
cm). In three patients, MRI showed 
few small additional periventricular 
white matter lesions with an increased 
intensity on T,-weighted images. In all 
cases, the extensions of the infarctions 


corresponded with the territories of 
the lenticulostriate or adjacent arter- 
ies (Fig 1). The territory of the lateral 
group of the lenticulostriate arteries 
was affected in all patients. Involve- 
ment was of the same order for the 
territories of the Heubner artery, the 





Fig 1.—Documentation of infarcted areas on a computer-processed grid 
brain model. Cumulative frequencies of “lesioned” grids are expressed 
by bars on a scale from 1 to 20. Maximum height denotes involvement 
of this area in all 29 cases. Vascular territories of the basal ganglia are 
drawn on the right. LL indicates lateral group of lenticulostriate vessels; 
LM, medial group of lenticulostriate vessels; HA, Heubner artery; and AC, 
anterior choroidal artery. Bottom, Subtraction of grids involved in 
patients without neuropsychological deficits from those of patients with 
neuropsychological deficits. No particular area was selectively involved 
in patients with aphasia or neglect. 
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Fig 2.—Exemplary slices of patients 1 through 8 with aphasia or neglect. Patients 1, 2, 3, 6, and 
8 had aphasia. Patients 2, 4, 5, and 7 had spatial neglect. 





Table 2.—Angiographic and Transcranial Doppler Follow-up Findings 







































































































































Patient First Examination Interval Second 
No. (Technique Used) * (Technique Used)t Examination 
5 ICA plus MCA occlusion; few collaterals 120 min (A) MCA plus ICA, no 
(A plus T) change 
21 d (T) MCA; no change; ICA, 
90% stenosis 
6 ICA plus MCA occlusion (A plus T) 180 min (A) Very little recanalization 
7 M1 occlusion (A) 7 h (A), 21 d (T) No change 
8 M1 occlusion (A plus T) 12-24 h (T) Partial recanalization 
12 M1 occlusion; good collaterals (A) 90 min (A) Nearly full 
recanalization 
7 d(T) Recanalization 
13 M1 occlusion (A) 9 d (A plus T) Recanalization 
22 C1 plus M1 occlusion; excellent 12/24h/(T) Recanalization 
collaterals 
23 M1 occlusion; excellent collaterals (A) 8 h (A) Partial recanalization 
21d (T) Recanalization 
24 M1 occlusion (A) 120 min (A) Recanalization 











M1 occlusion (A) 











120 min (A plus T) Recanalization 





* A indicates selective angiography; T, transcranial Doppler ultrasonography; ICA, internal carotid artery; MCA, 


middle cerebral artery; M1, M1 segment; and C1, C1 segment of internal carotid artery. 


tTime interval between first and second examination. 


First follow-up examination with changes; an examination was last examination if no changes were present. 
Cases 5 through 8 had aphasia and/or neglect; cases 12 through 25 did not. 


medial lenticulostriate arteries, and 
the anterior choroidal artery. 
Patients with aphasia or neglect had 
larger lesions than those without. Le- 
sions of patients with aphasia or ne- 
glect are illustrated in Fig 2. However, 
lesions with seemingly identical exten- 
sion and localization were present in 
both groups. The same territories were 
involved in both groups. After subtrac- 
tion of the lesioned grids of patients 
without neuropsychological deficits 
from the lesioned grids of patients 
with aphasia or neglect, no area pre- 
dominantly involved in patients with 
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aphasia or neglect was found (Fig 1). 

In 13 patients, the ipsilateral inter- 
nal carotid artery (ICA) and the MCA 
were normal (Table 1). In 8 of these 13 
patients, cardiac sources of emboli 
were found during echocardiography. 
One patient had extracranial occlusion 
of the ICA with a normal MCA. Four 
patients had a stenosis of the M1 seg- 
ment of the MCA. In 8 of these pa- 
tients, the degree of stenosis remained 
constant during the 1-year follow-up. 
Eleven patients had total occlusion of 
the M1 segment, six times due to car- 
diac embolization and three times due 


to occlusion of the ICA. One young 
woman had dissection of the ICA lead- 
ing to occlusion of the MCA. One older 
patient probably had arteriothrom- 
botic MCA occlusion. 

None of the patients with stenoses of 
the M1 segment had neuropsychologi- 
cal signs. Seven of 11 patients with oc- 
clusion of the M1 segment showed ex- 
cellent leptomeningeal anastomoses 
on angiograms. Six of these 7 patients 
were without cortical symptoms. Dur- 
ing follow-up, the MCA remained oc- 
cluded only in patients with aphasia or 
neglect. All of the patients without 
aphasia or neglect showed recanaliza- 
tion of their MCAs (Table 2 and Fig 3). 

For patients, compared with con- 
trols, interhemispherical ratios of 
rCBF were significantly decreased, 
rCBV was increased, and rCPR was 
decreased in the ROI corresponding 
with the lesion visible on MRI (Table 3 
and Fig 4). In the ROIs corresponding 
with the cortical MCA territory over- 
lying the subcortical infarction, rCBF 
and rCPR were decreased and rCBV 
was significantly increased in patients 
with aphasia or neglect as compared 
with those without or controls (Fig 5). 
Rank correlations showed a concomi- 
tant subcortical and cortical rCBF and 
rCPR decrease and rCBV increase only 
in patients with neuropsychological 
deficits (Table 4). In the chronic state 
(>6 months after the stroke), rCBF 
and rCBV were decreased in the in- 
farcted subcortical area. Cortical 
rCBF remained decreased in a patient 
with aphasia. Regional cerebral blood 
flow continued to be normal in two pa- 
tients without aphasia. 


COMMENT 


Signs and symptoms of acute large 
striatocapsular infarctions are usually 
similar to those of cortical territorial 
infarctions and may include aphasia or 
neglect.'* In contrast, lacunar syn- 
dromes are rare. In a series of patients 
described by Bladin and Bercovic? only 
2 of 11 cases and 4 of 29 patients in 
their study had “pure motor 
paresis.”*° Obviously, cortical func- 
tions are frequently impaired, despite 
the strictly subcortical location of 
these infarctions. 

The typical shape of large striato- 
capsular infarctions is comma like, 
lenslike, or, often, triangular.’* Less 
agreement exists concerning the size 
and site of such lesions. Bladin and 
Bercovic’ included infarctions with an 
extension of at least 3.0 em. In this 
study, we have chosen a lower limit of 
2.0 cm. This is supposed to be the cut- 
off size of lacunes.** Some evidence is 
present that both types of infarction 
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Fig 3.—Embolic middle cerebral artery (MCA) occlusion with rapid recanalization. Left, Selective angiography of patient 24 
revealed occlusion of the M1 segment of the MCA 90 minutes after onset of stroke symptoms. Center, Two hours later, the 
MCA was recanalized and hyperperfusion was visible in the area of the lateral lenticulostriate group. Right, Computed tomo- 
graphic scan after 24 hours showed infarction of the putamen and the head of the caudate nucleus. The patient had no neu- 
ropsychological abnormalities and cortical regional cerebral blood flow was normal. The symbol 120’ indicates time interval 
at 120 minutes between first and second examinations. 


partially overlap in size, so that large 
solitary lacunes cannot clearly be dis- 
tinguished from a smaller variant of 
the “large striatocapsular infarctions” 
by size alone. A few patients, not 
included in this series, with small stri- 
atocapsular infarctions were, at first, 
supposed to have suffered from a la- 
cune, but angiography demonstrated 
the presence of an arterial lesion 
within the MCA. 

The areas involved in large striato- 
capsular infarctions corresponded 
with the territories of the lateral or 
medial group of the lenticulostriate 
arteries, the Heubner artery, or ante- 
rior choroidal artery. Involvement of 
the territory of the latter was mostly 
associated with occlusive disease of the 
parent artery, ie, the ICA, contradict- 
ing a recent article that attributes in- 
farctions in this territory to small- 
vessel disease.” 

The cortical branches of the MCA 
are interconnected by a lepto- 
meningeal anastomotic network, 
whereas the lenticulostriate vessels 
are end-arteries devoid of anasto- 
moses. The largest portion of the len- 
ticulostriate arteries arises from the 
M1 segment of the MCA." Each le- 
sion that occludes the orifices of these 
arteries at the M1 segment of the MCA 


. may result in an infarction of the de- 


pending territories, ie, large parts of 
the basal ganglia and internal capsule. 
This lesion may be a stenosis of the M1 
segment occluding the origin of the 
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Table 3.—Comparisons of rCBF, rCBV, and rCPR Values* 













































NP+ NP- Controls 
Variable (n = 8) (n = 21) (n = 8) Group Comparisonst 
Subcortical 
rCBF 0.69 (0.14) 0.83 (0.06) 0.97 (0.02) NP+ NP— controls 
0.72 (0.42) 0.84 (0.28) 0.98 (0.06) 
rCBV 2.10 (1.63) 1.47 (0.39) 0.96 (0.10) 
1.43 (4.42) 1.50 (1.24) 0.98 (0.33) NP+ NP— controls 
rCPR 0.73 (0.18) 0.77 (0.09) 1.01 (0.04) 
0.74 (0.53) 0.78 (0.38) 1.00 (0.14) NP+ NP— controls 
Cortical 
rCBF 0.80 (0.06) 0.96 (0.05) 1.00 (0.04) 
0.79 (0.15) 0.96 (0.19) 0.99 (0.11) NP+ NP— controls 
rCBV 1.43 (0.56) 0.94 (0.12) 0.98 (0.13) 
1.26 (1.52) 0.97 (0.49) 0.89 (0.41) NP+ NP— controls 
rCPR 0.76 (0.07) 1.01 (0.91) 1.06 (0.13) 
0.76 (0.21) 1.00 (0.44) 1.04 (0.41) NP+ NP- controls 





* CBF indicates regional cerebral blood flow; rCBV, regional cerebral blood volume; and rCPR, regional ce- 
rebral perfusion reserve. Comparisons are made in cortical and subcortical regions of interest in patients with 
(NP+) and without (NP—) neuropsychological deficits. Values, as interhemispherical ratios (affected/ 
not-affected side in patients and right to left in controls), are means (SDs) and medians (range) (on the second 
row, respectively). 

+Kruskal-Wallis test with subsequent pairwise U tests. P values are interpreted according to the sequential 
multiple test procedure of Holm"®; a = .05 per variable; nonsignificant groups are italicized. Positioning of groups 


from left to right reflects increasing rCBF and rCPR and decreasing rCBV median values. 


lenticulostriate vessels, as shown in 
four of our patients. Angiographic 
findings in the patients of Adams et al! 
and one patient of Bladin and 
Berkovic? further support this mecha- 
nism. Occlusion of the M1 segment was 
the cause of large basal ganglia in- 
farction in another 11 of our patients. 
This is a well-known infarct pattern 
following cardiac embolization or em- 
bolization from an intraluminal ICA 
thrombus.” Embolic occlusion of the 


MCA in most cases persists for only 24 
to 48 hours before spontaneous lysis,”! 
and, after a short “stenotic” interval, 
the large pial arteries appear com- 
pletely patent again.” In this con- 
text, it is not surprising that no MCA 
lesions were found in 15 of our patients 
who were examined after more than 24 
hours. If recanalization of the occluded 
M1 segment occurs rapidly enough by 
means of spontaneous or therapeutic 
lysis, the cortical part of the MCA ter- 
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Fig 4.—Comparison of a corresponding regional cerebral blood flow (rCBF) and magnetic reso- 
nance imaging (MRI) slice in a patient without neuropsychological abnormalities. The rCBF 
decrease (right) is confined to the region of interest corresponding to the subcortical infarcted area 
seen on MRI (left). The stroke was caused by cardiac embolization from a mural thrombus. 








rCBF 


Fig 5.—Comparison of a corresponding regional cerebral blood flow (rCBF) and computed tomo- 
graphic slice in a patient with aphasia. The infarcted area is restricted to the striatocapsular area 
(left). The rCBF is decreased in the subcortical infarcted area, as well as in large parts of the cor- 
tical middle cerebral artery territory (right) (patient No. 2, a left-handed woman with Broca apha- 
sia, severe neglect, and disturbance of spatial orientation). 


ritory may be preserved; however, the 
duration of the occlusion is too long for 
the endangered territory of the lentic- 
ulostriate vessels. This mechanism 
was demonstrated in six patients in 
our series. In persistent MCA occlu- 
sion, brain damage may be restricted 
to the lenticulostriate territory, if 
there is sufficient cortical blood flow 
due to rich leptomeningeal col- 
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laterals.**5 These mechanisms show 
that large striatocapsular infarctions 
are due to large-vessel disease, which 
acutely and simultaneously occludes 
whole bunches of the lenticulostriate 
vessels or adjacent arteries at the level 
of the MCA. 

In contrast, lacunes are caused by 
occlusion of a single long penetrator, 
eg, a lenticulostriate artery.** 


Table 4.—Spearman Rank 
Correlations * 


Cortical x NP+ NP- 
Subcortical (n = 8) (n = 21) 
rCBF .44 
rCBV .83t 
rCPR 77t 


A Spearman rank correlations were computed for 
cortical and subcortical interhemispherical mean val- 
ues of regional cerebral blood flow (rCBF), regional 
cerebral blood volume (rCBV), and regional cerebral 
perfusion reserve (rCBR). NP+ indicates patients with 
neuropsychologicai deficits; NP, patients without neu- 
ropsychological deficits. 

tP<.05. 


Controls 
(n = 8) 








Lipohyalinosis* has been assumed as 
the underlying disseminated small- 
vessel disease that may obstruct sev- 
eral different arteries, but not at the 
same time, and that finally leads to the 
lacunar state (“status lacunaris’’) 
rather than to large striatocapsular 
infarctions. 

Because half of the patients de- 
scribed by Levine et al‘ with striato- 
capsular infarctions had ICA oeclu- 
sions, these authors assumed that the 
brain damage could have been pro- 
duced hemodynamically. Subcortical 
low-flow infarctions, however, are not 
located in the basal ganglia themselves 
but in the more rostral terminal sup- 
ply area of the lenticulostriate artery 
distribution, ie, in the periventricular 
white matter, strictly sparing gray 
substance.” 

In the infarcted basal ganglia areas, 
rCBF was decreased, rCBV increased, 
and rCPR decreased. This pathophys- 
iological pattern represents maximal 
mobilization of the cerebral vascular 
reserve mechanisms.'’”’ This pattern 
is identical to that found in acute ter- 
ritorial infarcts.'* In contrast, lacunes 
do not produce any marked focal re- 
duction of blood flow and oxygen me- 
tabolism as assessed by positron emis- 
sion tomography and xenon CT.» 

As mentioned above, a remarkable 
clinical feature of large striatocapsu- 
lar infarctions is the presence of apha- 
sia or neglect despite morphological 
integrity of the cortex (for review, see 
references 30 and 31). While some au- 
thors attribute these symptoms to 
basal ganglia participation in the pro- 
cessing of speech,” these deficits can 
also be explained by solely functional 
involvement of the cortex itself. This 
view has recently been supported by 
positron emission tomographic, 
SPECT, and xenon CT studies that 
showed cortical hypometabolism or 
hypoperfusion in subcortical ischemic 
or hemorrhagic infarcts. 


Different concepts have been 
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stressed to explain these phenomena. 
For example, cortical symptoms were 
attributed to an ischemic penumbra in 
the acute state.* Ischemic penumbra, 
however, cannot explain the persis- 
tence of aphasia and cortical rCBF de- 
crease in some patients (case No. 6; see 
also reference 6). Also, remote cortical 
hypometabolism during positron 
emission tomographic studies in tha- 
lamic strokes was interpreted as the 
effect of ‘“diaschisis” or “deactiva- 
tion,” ie, “transient depression of func- 
tion occurring at a distance from a fo- 
cal cerebral lesion.”** Interruption of 
afferent fiber input or, in the chronic 
state, antegrade degeneration of affer- 
ent fibers, would deprive the cortex of 
subcortical input.” Hypometabolism 
may lead to adjusted hypo- 
perfusion.***’ Since larger striatocap- 
sular infarcts were more frequently 
seen in our subgroup with aphasia or 
neglect, it could also be argued that 
only the larger infarcts involved struc- 
tures responsible for cortical deactiva- 
tion. No specific area, however, was 
characteristically involved in patients 
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with aphasia or neglect in our study. 
Neither the caudate nucleus nor the 
putamen or globus pallidus have direct 
outputs to the cortex.” 

In large striatocapsular infarctions, 
we found that all patients with persis- 
tent occlusion of the MCA had aphasia 
or neglect and had a severely decreased 
cortical blood flow. In contrast, none of 
the patients with large striatocapsular 
infarctions due to atherothrombotic in 
situ stenosis of the M1 segment, and 
only one of seven patients with rapid 
recanalization of a totally occluded 
MCA, developed cortical symptoms. 
Decrease in rCBF was restricted to the 
subcortical infarcted area. Cases with 
presumed cardiac embolism and nor- 
mal intracranial vessels were equally 
distributed across both groups. 

We conclude that in large striato- 
capsular infarctions the decreased cor- 
tical rCBF is caused by a critically re- 
duced perfusion pressure due to a per- 
sistent occlusive lesion of the MCA. 
The decreased cortical rCBF yields to 
a decreased cortical metabolism and to 
cortical symptoms such as aphasia or 
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If renal function is normal, forced diuresis may aid in the elimination of the barbiturate. 

Alkalinization of the urine increases renal excretion of some barbiturates, especially 

phenobarbital 

7. Although not recommended as a routine procedure, hemodialysis may be used in severe barbi- 
turate intoxication or if the patient is anuric or in shock 

Acetaminophen 

Signs and Symptoms 

In acute acetaminophen overdosage, dose-dependent, potentially fatal hepatic necrosis ts the 
most serious adverse effect. Renal tubular necrosis, hypoglycemic coma, and thrombocytopenia 
may also occur. 

In adults, nepatic toxicity has rarely been reported with acute overdoses of less than 10 grams 
and fatalities with less than 15 grams. Importantly, young children seem to be more resistant than 
adults to the hepatotoxic effect of an acetaminophen overdose. 

Early symptoms following a potentially hepatotoxic overdosage may include: nausea, 
vomiting, diaphoresis, and general malaise. Clinical and laboratory evidence of hepatic toxicity 
may not be apparent until 48-72 hours post-ingestion. 

Treatment 

The stomach should be emptied promptly by lavage or by induction of emesis with syrup of ipe- 
cac. Patients’ estimates of the quantity of a drug ingested are notoriously unreliable. Therefore, if 
an acetaminophen overdose is suspected, a serum acetaminophen assay should be obtained as 
early as possible, but no sooner than four hours following ingestion. Liver function studies should 
be obtained initially and repeated at 24-hour intervals. 

The antidote, N-acetylcysteine, should be administered as early as possible, preferably within 16 
hours of the everdose ingestion for optimal results, but in any case, within 24 hours. Following re- 
covery, there are no residual, structural or functional hepatic abnormalities. 
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The Lucky Ones 





These children have cheated death. 
Not long ago, each of them passed through 
the ordeal of cancer. Modern therapies 
administered to them at St. Jude Chil- 
dren's Research Hospital saved their lives. 

And thousands of other children live 
today because of the love and dedication 
of St. Jude's researchers, doctors and 
nurses. 

But there was something else that 
saved these precious kids. They were 
rescued by the many Americans who 








- Danny Thomas, Founder 





cared enough about the suffering of chil- 
dren to support a hospital devoted en- 
tirely to helping children with catastrophic 
diseases. 

St. Jude depends upon donations from 
concerned people like you to continue its 
work. 

For more information on how you can 
help, write to St. Jude, P.O. Box 3704, 
Memphis, TN 38103, or call 1-800-877- 
5833. 

Give the children a chance to live! 


~~ ST. JUDE CHILDREN’S RESEARCH HOSPITAL 














Deep Perforators From the Carotid System 


Template of the Vascular Territories 


Joseph A. Ghika, MD; Julien Bogousslavsky, MD; Franco Regli, MD 


e Most reports on small infarcts in the 
territory of the deep perforators that arise 
from the internal carotid artery and its 
branches have focused on the anatomical 
structures. Recently, it has become possi- 
ble to map the territories of the deep per- 
forators from the carotid system, based on 
matching previous anatomical studies with 
recent data from computed tomographic 
and magnetic resonance imaging studies. 
The middle cerebral artery gives origin to 
two main groups of perforators: the medial 
and lateral lenticulostriate arteries. 
Rarely, the thalamotuberal artery may take 
origin from the middle cerebral artery but 
much more commonly it originates from 
the posterior communicating artery. The 
anterior cerebral artery gives origin to the 
anterior lenticulostriate arteries and the 
recurrent artery of Heubner. The anterior 
choroidal artery takes its origin from the 
internal carotid artery and exceptionally 
from the middle cerebral artery. In addi- 
tion, a small group of perforators comes 
directly from the internal carotid artery. 
The anatomical structures supplied by 
these perforators are described, and a 
map of the territories is proposed. 

(Arch Neurol. 1990;47: 1097-1100) 


Grail infarcts called lacunae or giant 

lacunae! have often been reported 
in the basal ganglia or the subcortical 
white matter supplied by the deep 
perforators of the internal carotid ar- 
tery (ICA). Most of the time, clinical 
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reports have focused on the anatomi- 
cal structures involved by the infarct 
and, except for the anterior choroidal 
artery,’ a great deal of confusion has 
emerged from the previous attempts to 
systematize the vascular territories of 
the deep perforators from the carotid 
system. The “capsuloputaminocau- 
date” infarct described by Fisher and 
Curry’ corresponds to type 1 of Rascol 
et al the striatocapsular infarct of 
Bladin and Berkovic,’ and the anterior, 
lateral, and superior types of capsular 
infarction of Kashihara and Mat- 
sumuto.’ The capsulopallidal infarct of 
Fisher and Curry’ corresponds to the 
anterior choroidal artery infarct of 
Foix et al, the type 2 of Rascol et al,’ 
and the posterior type of capsular in- 
farct of Kashihara and Matsumuto.° 
Type 3 of Rascol et al has no corre- 
spondent in the Fisher and Curry 
description! and corresponds to the 
medial lenticulostriate artery and 
Heubner’s recurrent artery territory,’ 
and to the lateral type of Kashihara 
and Matsumuto.’ Damasio’s® map of 
the deep perforators from the internal 
carotid artery decribes only the lentic- 
ulostriate arteries, the anterior cho- 
roidal artery, and Heubner’s recurrent 
artery. 

Since the first anatomical studies by 
Duret’ and Heubner® concerning the 
perforators of the carotid system, a 
wealth of anatomical work has been 
published,’ allowing a better under- 
standing of the deep perforators from 
the carotid system, but confusion in 
the nomenclature and lack of well-de- 
fined three-dimensional imaging of 
these various territories are major 
problems in an attempt to unify this 
knowledge. 

We thought that a more precise map 


of the deep perforators from the ca- 
rotid system could be proposed accord- 
ing to previous works by Marinkovic et 
alt Umansky et al,” Rosner et al,” 
Rhoton et al, Kashihara and 
Matsumuto,’ Takahashi et al,*°*! and 
Damasio® and our own” experience 
with computed tomographic (CT) 
studies of 100 consecutive isolated in- 
farcts in the territory of the deep 
carotid perforators. The CT scans were 
reviewed independently by two of us 
(J.G. and J.B.), according to these 
templates, “blind” to the clinical fea- 
tures, with constant correlation with 
the outlines of the territories de- 
scribed in the Figure. 

There is considerable overlap be- 
tween most of these territories, and 
the same anatomical structures are 
vascularized by several different 
groups of deep perforators, but general 
vascular territories can be sketched 
out from knowledge available at this 
time. The middle cerebral artery 
(MCA) gives origin to two main groups 
of deep perforators: the lateral and 
medial lenticulostriate arteries.’ Ina 
few cases, the thalamotuberal artery 
may take origin from the MCA,**?4*45 
but in all other cases, this artery comes 
from the posterior communicating ar- 
tery. Exceptionally, the anterior cho- 
roidal artery may take origin from the 
MCA.336 

The anterior cerebral artery (ACA) 
gives rise to two groups of perforators: 
the anterior lenticulostriate arteries 
and the recurrent artery of Heub- 
ner.”8*32 The ICA gives origin to the 
anterior choroidal artery (exception- 
ally, this artery may arise from the 
MCA), and to short direct perforators 
from the ICA. 

The territory of the lateral lenticu- 
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Orbitomeatal 
Line 


Distribution of Basal Perforating Arteries 
in Carotid Territory 
Recurrent Artery of Heubner 


Anterior Lenticulostriate Arteries of 
Anterior Cerebral Artery 


WY Lateral Lenticulostriate Arteries of Middle 


Anterior Cerebral Artery (Anterior and Posterior Groups) 


Posterior m Medial Lenticulostriate Arteries of 
W Middle Cerebral Artery 


VZZ Anterior Choroidal Artery 


== Perforating Branches of Internal Carotid Artery 


à Thalamotuberal Arteries of Posterior 
Communicating Artery 


Templates of the deep perforators from the internal carotid system. See Table for anatomical extensions. 
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Origins and Anatomical Extensions of Deep Perforators of Carotid System 


Origin Anatomical Extension 
Recurrent Artery of Heubner 








Inferior part of head of caudate 
nucleus; inferior part of anterior 
limb of internal capsule; anterior 
part of putamen; tip of outer 
segment of globus pallidus; tip of 
anterior thalamus; subcortical 
paramedian white matter of 
orbitofrontal region 


Anterior Lenticulostriate Arteries 


Anterior cerebral artery 


Anterior part of head of caudate 
nucleus; anterolateral part of 
putamen and globus pallidus; 
substantia innominata; lateral 
part of anterior commissure; 
periventricular white matter; 
medial part of anterior limb of 
internal capsule 


Lateral Lenticulostriate Arteries 


Anterior cerebral artery 


Middle cerebral artery Major part of head of caudate 
nucleus; anterior part of internal 
capsule; anterior half of putamen 
and globus pallidus; 
periventricular corona radiata 


(anterior and posterior parts) 
Medial Lenticulostriate Arteries 


Middle cerebral artery (anterior 
cerebral artery) 


Anterior and inferior parts of 
posterior limb of internal capsule; 
centromedial part of putamen 
and globus pallidus 


Anterior Choroidal Artery 


Internal carotid artery (medial 
cerebral artery) 


Anterior part 

Anterior part of optic tract; 
internal part of globus pallidus; 
posterior part of putamen; 
posterior limb of internal 
capsule; middle third of 
cerebral peduncle; middle part 
of substantia nigra; upper part 
of red nucleus; upper part of 
subthalamic Luys’ nucleus; Hz 
field of Forel; zona incerta; 
lateral geniculate body (medial 
part); superior thalamic 
radiation 

Posterior part 

Uncus; piriform cortex; posterior 
part of amygdaloid nucleus; 
anterior hippocampus; tail of 
caudate nucleus; 
retrolenticular optic radiation; 
auditory radiations; cisternal 
segment and part of 
peduncular tegmentum; part of 
posterior corona radiata 


Perforating Branches of Internal Carotid Artery 
Internal carotid Junction of anterior part and genu 
of internal capsule; anterior 
poles of putamen and globus 
pallidus 


Thalamotuberal Arteries (Polar Artery of Thalamus, Anterior Thalamosubthalamic 
Paramedian Artery, Premamillary Pedicle) 


Anterior part of thalamus (ventralis 
anterior, ventrolateralis, 
dorsomedial nucleus, reticular 
nucleus); mamillothalamic tract; 
anteromedial part of optic tract; 
inferomedial tip of head of 
caudate nucleus; genu of internal 
capsule 


Posterior communicating artery, 
initial segment of posterior 
cerebral artery, exceptionally 
from middle cerebral artery; 
lateral (ventromedian) 
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lostriate branches from the MCA**“° 
is responsible for the vascularization 
of a large territory supplying many 
anatomical structures (Table, Figure). 
Anterior and posterior subdivisions 
can be described in the corona radiata 
(Figure). Infarction in this territory 
corresponds to the capsuloputami- 
nocaudate lacune of Fisher and Curry,' 
the types 1 and 3 of Rascol et al,’ the 
anterior, lateral, and superior cap- 
sular infarcts of Kashihara and 
Matsumuto,‘ and the striatocapsular 
infarcts of Bladin and Berkovic.’ 

The medial lenticulostriate arteries 
originate from the MCA, exceptionally 
from ACA.” They are responsible for 
the vascularization of a smaller terri- 
tory (Table, Figure). No corresponding 
studies are found in the clinical liter- 
ature except that this territory is in- 
volved in some of the cases of Rascol et 
al? and some of the cases of the medial 
type of capsular infarct of Kashihara 
and Matsumuto. 

The anterior choroidal artery? 
originates from the ICA, or infre- 
quently from the MCA, and has a rich 
vascular territory, supplying many an- 
atomical structures (Table, Figure). 
This territory corresponds to type 2 
infarcts of Rascol et al, the capsulo- 
pallidal type of Fisher and Curry,' the 
posterior type of capsular infarcts of 
Kashihara and Matsumuto, and the 
anterior choroidal infarcts recently 
summarized by Helgason.” The direct 
perforators from the ICA supply a 
small region at the junction of the an- 
terior part and the genu of the internal 
capsule and the anterior poles of the 
putamen and pallidum.” Ours* is the 
only report that deals with infarcts in 
this territory. 

The anterior lenticulostriate arte- 
ries from the ACA supply a small 
territory”? (Table, Figure). We re- 
cently reported a case involving these 
arteries.” The recurrent artery of 
Heubner from the ACA®***°*?? is re- 
sponsible for vascularization of sev- 
eral anatomical structures (Table, Fig- 
ure). 

We believe that our map matches 
well with the anatomical de- 
scriptions, “8 the CT studies,**!° 
and our observations in 100 consecu- 
tive cases documented by CT scan® as 
well as our recent experience with 
magnetic resonance imaging. We hope 
that these templates will be less con- 
fusing than the previous classifica- 
tions. We suggest using vascular terri- 
tories as much as possible in the diag- 
nosis of small deep infarcts, rather 
than making reference to anatomical 
structures, whose vascular supply may 
take origin from several different 
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groups of perforators, with significant 
overlap. Infarcts involving two adja- 
cent territories have also been de- 
scribed,” with excellent correlation 
with this template. We think that 
these templates, which take advantage 
of thinking in terms of vascular terri- 
tories, as is done with cortical infarcts, 
can provide a clearer basis for future 
studies, even though the clinical pic- 
ture may still make the clinician think 
in terms of anatomical structures. 

In our own experience with CT- 
proved isolated infarcts, reviewed by 
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two of us independently and blinded to 
the clinical picture, the lateral lentic- 
ulostriate territory was responsible 
for 61% of the infarcts in the territory 
of the deep perforators from the ca- 
rotid system, the medial lenticulostri- 
ate territory for only 3% of these in- 
farcts, and both medial and lateral 
lenticulostriate arteries for only 1%. 
The anterior choroidal artery was in- 
volved in 23% of these infarcts; in 4% 
the intermediate infarcts were found 
between both the anterior choroidal 
and the lateral lenticulostriate arter- 
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MAGNEVIST® Injection is indicated for use with magnetic resonance imaging (MRI) in adults 
and children (2 years of age and older) to provide contrast enhancement in those intra- 
cranial lesions with abnormal vascularity or those thought to cause an abnormality in the 
blood-brain barrier. MAGNEVIST® Injection has been shown to facilitate visualization of 
intracranial lesions including but not limited to tumors. 


MAGNEVIST® Injection is also indicated for use with MRI in adults and children (2 years of 
age and older) to provide contrast enhancement and facilitate visualization of lesions in 
the spine and associated tissues. There is, however, only limited clinical experience in 
children for this indication. 


CONTRAINDICATIONS 
None known. 


WARNINGS 


The accepted safety considerations and procedures that are required for magnetic 
resonance maning are applicable when MAGNEVIST® Injection is used for contrast 
enhancement. In addition, deoxygenated sickle erythrocytes have been shown in in vitro 
studies to align perpendicular to a magnetic field which may result in vaso-occlusive 
complications in vivo. The enhancement of magnetic moment by gado entetate dimeglu- 
mine may possibly potentiate sickle erythrocyte alignment. MAGNEVIST® Injection in 
Patients with sickle cell anemia and other hemoglobinopathies has not been studied. 


Patients with other hemolytic anemias have not been adequately evaluated following 
administration of MAGNEVIST® Injection to exclude the possibility of increased hemolysis. 
Hypotension may occur in some patients after injection of 
MAGNEVIST® Injection. In clinical trials two cases were reported 
and in addition, there was one case of a vasovagal reaction and 
two cases of pallor with dizziness, sweating and nausea in one 
and substernal pain and flushing in the other. These were reported 
within 25 to 85 minutes after injection except for the vasovagal 
reaction which was described as mild by the patient and occurred 
after 6-1/2 hours. In a study in normal volunteers one subject 
experienced syncope after arising from a sitting position two hours 
after administration of the drug. Although the relationship of 
gadopentetate dimeglumine to these events is uncertain, patients 
should be observed for several hours after drug administration. 


PRECAUTIONS - General 

Diagnostic procedures that involve the use of contrast agents should be carried out under 
direction of a physician with the prerequisite training and a thorough knowledge of the 
procedure to be performed. 

In a patient with a history of grand mal seizures, MAGNEVIST® Injection was reported to 
induce such a seizure. 


Since gadopentetate dimeglumine is cleared from the body y pomenila filtration, caution 
should be exercised in patients with severely impaired renal function. 


Animal studies suggest that gadopentetate dimeglumine may alter red cell membrane 
morphology resulting in a slight degree of extravascular (splenic) hemolysis. In clinical 
trials 15-30% of the patients experienced an asymptomatic transient rise in serum iron. 
Serum bilirubin levels were slightly elevated in approximately 3.4% of patients. Levels 
generally returned to baseline within 24 to 48 hours. Hematocrit and red blood cell count 
were unaffected and liver enzymes were not elevated in these patients. While the effects 
of gadopentetate dimeglumine on serum iron and bilirubin have not been associated with 
clinical manifestations, the effect of the drug in patients with hepatic disease is not known 
and caution is therefore advised. 

When MAGNEVIST® Injection is to be injected using plastic disposable syringes, the contrast 
medium should be drawn into the syringe and used immediately. 


If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 


Repeat Procedures: If in the clinical judgment of the physician sequential or repeat ex- 
aminations are required, a suitable interval of time between administrations should be 
observed to allow for normal clearance of the drug from the body. 


Information for Patients: 

Patients receiving MAGNEVIST® Injection should be instructed to: 

1. Inform your physician if you are pregnant or breast feeding. 

2.Inform your physician if you have anemia or any diseases that affect red blood cells. 


LABORATORY TEST FINDINGS 


Transitory changes in serum iron and bilirubin levels have been reported in patients with 
normal and abnormal liver function (See PRECAUTIONS - General) 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


No animal studies have been performed to evaluate the carcinogenic potential of 
gadopentetate dimeglumine. 

Gadopentetate dimeglumine did not evoke any evidence of mutagenic potential in the 
Ames test (histidine-dependent Salmonella typhimurium) nor in a reverse mutation assay 
using tryptophan-dependent Escherichia coli. Gadopentetate dimeglumine did not induce 
a positive response in the (C3H 1071/2) mouse embryo fibroblast cellular transformation 
assay, nor did it induce unscheduled DNA repair synthesis in primary cultures of rat 
hepatocytes at concentrations up to 5000 ug/mL. However, the drug did show some 
evidence of mutagenic potential in vivo in the mouse dominant lethal assay at doses of 6 
mmol/kg, but did not show any such potential in the mouse and dog micronucleus tests 
at intravenous doses of 9 mmol/kg and 2.5 mmol/kg, respectively. 


The results of a reproductive study in rats showed that gadopentetate dimeglumine when 
administered in daily doses of 0.1-2.5 mmol/kg, did not cause a significant change in the 
pragnoncy rate in comparison to a control group. However, suppression of body weight gain 
and food consumption and a decrease in the mean weights of testis and epididymis 
occurred in male rats at the 2.5 mmol/kg dose. In female rats a decrease in the number 
of corpora lutea at the 01 amog dose and the suppression of body weight gain and 
food consumption at the 2.5 mmol/kg dose were observed. 


In a separate experiment, 16 daily intravenous injections were administered to male rats. 
At a dose of 5 mmol/kg of gadopentetate dimeglumine, spermatogenic cell atrophy was 
observed. This atrophy was not reversed within a 16-day observation period following the 
discontinuation of the drug. This effect was not observed at a dose of 2.5 mmol/kg. 


nevist 
(gadopentetate 
dimegliumine 4901 mg/mL) 


PREGNANCY CATEGORY C. 

Gadopentetate dimegiumine has been shown to retard development slightly in rats when 
gvon in doses 2.5 times the human dose, and in rabbits when given in doses of 7.5 and 
2.5 times the human dose. The drug did not exhibit this effect in rabbits when given in 
doses 2.5 times the human dose. No congenital anomalies were noted in either species. 
There are no adequate and well-controlled studies in pregnant women. MAGNEVIST® 
Injection should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 

NURSING MOTHERS 

C'4 labelled gadopentetate dimeglumine was administered intravenously to lactating rats 
at a dose of 0.5 mmol/kg. Less than 0.2% of the total dose was transferred to the neonate 
via the milk during the 24-hour evaluation period. It is not known to what extent MAGNEVIST® 
Injection is excreted in human milk. Because many drugs are excreted in human milk, 
caution should be exercised when the drug is administered to a nursing mother and 
consideration should be given to temporarily discontinuing nursing. 


PEDIATRIC USE 
Safety and efficacy in children under the age of 2 years have not been established. 
(See Indications and Usage and Dosage and Administration sections). 


ADVERSE REACTIONS 

The most commonly noted adverse experience is headache with an incidence of 8.7%. The 
majority of headaches are transient and of mild to moderate severity. In 42.3% of the cases 
it was felt that the headaches were not related to MAGNEVIST® Injection. Injection site 
coldness/localized coldness is the second most common adverse experience at 4.8%. 
Nausea occurs in 3.2% of the patients. 

Localized pain, vomiting, paresthesia, dizziness and localized 
warmth occur in less than 2% of the patients. 

The following additional adverse events occur in less than 1% 
of the patients: 

Body as a Whole: Injection site ampon, namely, pain, warmth, 
burning; localized burning sensation, substernal chest pain, fever, 
weakness, generalized coldness, localized edema, tiredness, 
chest tightness, regional lymphangitis. 

Cardiovascular: Hypotension, vasodilation, pallor, non-specific 
ECG changes, angina pectoris, phlebitis. 

Digestive: Gastrointestinal distress, stomach pain, teeth pain, 
increased solivation. 

Nervous System: Agitation, thirst, convulsions (including grand mal). 
Respiratory System: Throat irritation, rhinorrhea, sneezing, dyspnea, wheezing, laryngismus, 
cough. 

Skin: Rash, sweating, pruritus, urticaria (hives). 

Special Senses: Tinnitus, conjunctivitis, visual field defect, taste abnormality, dry mouth, 
lacrimation disorder (tearing), eye irritation 

Laboratory: Transient elevation of serum transaminases. 

The following other adverse events were reported. A causal relationship has neither been 
established nor refuted 

Body as a Whole: Back pain, pain, generalized warmth. 

Cardiovascular: Hypertension, tachycardia, migraine, syncope. 

Digestive: Constipation, diarrhea. 

Nervous System: Anxiety, anorexia, nystagmus, crowsiness, diplopia, stupor. 

Skin: Facial edema, erythema multiforme, epidermal necrolysis. 

Special Senses: Eye pain, ear pain. 

Data from foreign studies did not reveal any additional adverse experiences. 


OVERDOSAGE 

The LDso of intravenously administered an tg ak dimeglumine injection in mice is 
512.5 mmol/kg and in rats it is 1045 mmol, ny The LDso of intravenously administered 
MAGNEVIST® Injection in dogs is greater than 6 mmol/kg. 

Clinical consequences of overdose with MAGNEVIST® Injection have not been reported. 


DOSAGE AND ADMINISTRATION 

The recommended dosage of MAGNEVIST® injection is 0.2 mL/kg (0.1 mmol/kg), 
administered intravenously, at a rate not to exceed 10 mL per minute. More rapid injection 
fates may be associated with nausea. The maximum total dose is 20 mL. Any unused 
portion must be discarded. 


DOSAGE CHART 


Approx Duration of 
Injection in Seconds 
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To ensure complete injection of the contrast medium, the injection should be followed by 
a 5-mL normal saline flush. The imaging procedure should be completed within 1 hour of 
injection of MAGNEVIST® Injection. 

Parenteral products should be inspected visuolly for particulate matter and discoloration 
prior to administration, whenever solution and container permit. 

For full prescribing information, see package insert. 

Caution: Federal Law Prohibits Dispensing Without Prescription. ie 


© 1990, Berlex Laboratories Inc. 
All rights reserved. 

Berlex Laboratories, Inc. 
waone New Jersey 07470 
60621-5 Revised 8/89 





mhh. 


90-890-0030 PrintedinUSA 7/90 


Failure of Surgery to Improve Outcome 
in Hypertensive Putaminal Hemorrhage 


A Prospective Randomized Trial 


H. Hunt Batjer, MD; Joan S. Reisch, PhD; Beth C. Allen, RN; Louisa J. Plaizier, RN; Chun Jen Su, MD 


e Hypertensive putaminal hemorrhage 
remains a major cause of hemorrhagic 
stroke carrying extremely high morbidity. 
Considerable controversy remains regard- 
ing the optimal form of therapy. Between 
1983 and 1989 we conducted a prospec- 
tive randomized trial with three treatment 
strategies: best medical management, 
best medical management plus intracra- 
nial pressure monitoring, and surgical 
evacuation. Only patients with significant 
deficit harboring a putaminal hematoma at 
least 3.0 cm in diameter were entered. The 
study was interrupted after 21 patients 
had been studied (9, best medical man- 
agement; 4, intracranial pressure monitor- 
ing; and 8, surgical evacuation). No differ- 
ences were found among groups for age, 
admission blood pressure, and time inter- 
val between onset of symptoms and arrival 
at hospital. None of the subjects were ca- 
pable of returning to prestroke activity. 
Fifteen (71%) died or remained vegetative 
at 6 months, and only 4 (19%) were capa- 
ble of independent life at home. Of the 9 
patients in the best medical management 
arm, 7 were dead or vegetative. In the sur- 
gical group, 4 patients died and only 2 
were capable of independent life. These 
results suggest that current medical and 
neurosurgical therapies remain ineffective 
in preventing the devastating neurologic 
consequences of hypertensive putaminal 
hemorrhage. 

(Arch Neurol. 1990;47:1103-1106) 
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ost neurosurgeons are in agree- 

ment that operative treatment is 
beneficial and frequently lifesaving in 
patients with large hypertensive in- 
tracranial hemorrhage involving lobar 
distributions or the cerebellum. Simi- 
larly, there is relative agreement that 
traditional microsurgery offers little 
benefit to patients suffering major hy- 
pertensive hemorrhage into the brain 
stem. More than 60% of hypertensive 
hemorrhage, however, involves the 
basal ganglia, and it is this group of 
patients for whom the optimal man- 
agement remains elusive. Our e xperi- 
ence has suggested that thalamic hems 
orrhage rarely demands surgical ther- 
apy, with the exception of a Se 
drainage if third ventricular outlet 
obstruction develops. The large major- 
ity of ganglial hematomas originate i in 
the putamen, however, and have been 
a source of neurosurgical controversy 
for several decades.** While avilable 
literature previously suggested a dis- 
mal outlook for those patients treated 
conservatively*!! as well as surgi- 
cally,” an optimistic report appeared 
in 1983 implying that current micro- 
surgical therapy, if instituted darty 
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enough, might improve functional 
outcome." At that time we embarked 
on a prospective randomized trial of 
medical vs surgical therapy for large 
hypertensive putaminal hemorrhage 
(HPH) in critically ill patients to de- 
termine if microsurgical therapy com- 
pared favorably with best medical 
management (BMM). 


PATIENTS AND METHODS 


Every attempt was made to ensure that 
patients entered into this trial were homo- 
geneous regarding pathogenesis, morpho- 
logical features, and severity of hemor- 
rhage. While the primary goal of the study 
was to compare a standardized modern mi- 
crosurgical craniotomy with BMM, we 
elected to insert a third treatment arm 
(BMM plus intracranial pressure [ICP] 
monitoring), since the efficacy of this mo- 
dality had not been established. In late 
1983, the Institutional Review Board of the 
University of Texas Southwestern Medical 
Center, Dallas, approved a prospective, ran- 
domized therapeutic trial in HPH with 
three treatment arms: (1) BMM, (2) BMM 
plus ICP monitoring, and (3) surgical evac- 
uation. 

Randomization was facilitated by one of 
us (J.S.R.) by producing a series of sealed 
envelopes, each containing one of the pro- 
posed treatment modalities (1, 2, or 3). 
When a patient who met all entry criteria 
(see below) was identified in the emergency 
department of Parkland Memorial Hospi- 
tal, Dallas, Tex, informed consent was ob- 
tained and the patient was begun on that 
specific study protocol (see below). Once in- 
formed consent was obtained and therapy 
initiated, no crossover into another treat- 
ment arm was permitted. During the trial 
period (December 1983 to March 1989), only 
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three patients meeting all entry criteria 
were excluded from the trial. The families 
of each of these patients refused to grant 
informed consent. 


General Inclusion Criteria 


Admission to this study was predicated 
on computed tomographic evidence of clas- 
sic putaminal hemorrhage at least 3.0 cm in 
diameter with or without ventricular ex- 
tension. If angiography was required for 
diagnostic purposes to exclude aneurysm, 
arteriovenous malformation, or tumor, the 
patient was excluded. Men and women be- 
tween the ages of 30 and 75 years were ad- 
mitted because our prior experience sug- 
gested that very elderly individuals with 
this disease do not tolerate an operative 
procedure well. A documented history of 
hypertension was required for entry. Since 
the overwhelming majority of patients 
evaluated in the medical emergency depart- 
ment at Parkland Memorial Hospital are 
medically indigent and receive all of their 
health care through this hospital, it was 
usually possible to obtain old records im- 
mediately. In several cases it was possible 
to document a history by contacting a phy- 
sician in the community who had previously 
cared for the patient. We arbitrarily set an 
absolute minimal prior recorded blood 
pressure of 160/95 mm Hg for eligibility. 
Electrocardiographic evidence of left ven- 
tricular hypertrophy or “hypertensive” 
retinopathy was not considered absolute 
evidence of prior hypertension and there- 
fore was not an admitting criterion. Only 
patients admitted to the emergency depart- 
ment within 24 hours of onset of symptoms 
were considered. 


Neurologic Inclusion Criteria 


To study the effect of treatment in pa- 
tients most likely to benefit from surgery, 
we elected to exclude patients with only 
minimal neurologic dysfunction. Alert pa- 
tients with subtle hemiparesis have done 
well with conservative treatment, in our 
experience. Similarly, deeply comatose pa- 
tients have rarely survived, regardless of 
therapy, and those survivors have been left 
with maximal disability. Accordingly, only 
patients meeting one of the three following 
grades were included: grade 1 (alert), mod- 
erate hemiparesis (less than antigravity 
strength in involved arm and leg); grade 2 
(lethargic), moderate hemiparesis, severe 
hemiparesis (only subtle upper or lower ex- 
tremity movement), or hemiplegia; and 
grade 3 (obtunded, stuporous), responding 
only to physical stimulus. Patients in grade 
3 were required to have at least purposeful 
or semipurposeful movements in their un- 
involved extremities and were uniformly 
hemiplegic in the involved extremities. Pa- 
tients with decorticate or decerebrate pos- 
turing were excluded. 


Medical Exclusion Criteria 


Any patient with an unassociated neuro- 
logic illness, end-stage systemic disease (eg, 
renal, cardiac, hepatic, or neoplastic), or 
coagulopathy of any cause was excluded 
from the study. 
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Therapeutic Arms 


BMM.—Patients assigned to this treat- 
ment regimen were managed in a medical 
intensive care unit with the internal medi- 
cine service serving as primary physicians. 
Dexamethasone therapy (4 mg adminis- 
tered intravenously every 6 hours) was ini- 
tiated, and the dosage was slowly tapered 
over 7 to 14 days. Appropriate antihyper- 
tensive drugs were administered (usually 
sodium nitroprusside), with the goal of de- 
creasing the systolic blood pressure by 25% 
over the first 24 hours. The target blood 
pressure was then slowly decreased over 
the next 48 to 72 hours to high-normal lev- 
els, and the therapy was converted to an 
oral regimen as soon as it could be tolerated 
by the patient. Intermittent diuresis with 
furosemide and mannitol was given every 4 
to 6 hours empirically over the first several 
days; more or less frequent administration 
was employed depending on the neurologic 
progress of the patient as well as the 
systemic tolerance. Anticonvulsants were 
not used. Intubation and mechanical hyper- 
ventilation were instituted in all patients 
with decreased level of consciousness 
(grades 2 and 3) and in those grade 1 
patients who were neurologically deterio- 
rating or who showed pulmonary compro- 
mise. In each case, a target Pco, of 20 to 25 
mm Hg was reached. Barbiturate coma was 
not employed in this study. 

BMM Plus ICP Monitoring.—Patients as- 
signed to this treatment arm were managed 
exactly as those in the BMM arm, with the 
exception of the placement of a frontal 
ventriculostomy (usually contralateral to 
hematoma). The ventriculostomy was con- 
nected to a pressure monitor as well as toa 
drainage system. The medical regimens of 
diuresis and hyperventilation were em- 
ployed specifically to maintain ICP levels of 
less than 20 mm Hg. When medical therapy 
was unsuccessful at achieving this level of 
control, intermittent cerebrospinal fluid 
drainage was added to the treatment pro- 
tocol. 

Surgical Evacuation.—Patients random- 
ized to surgical therapy underwent routine 
and thorough preoperative evaluation and 
were considered emergency cases. To stan- 
dardize the surgical procedures as much as 
possible, the blood pressure was decreased 
pharmacologically (usually with sodium ni- 
troprusside) by about 25% after induction 
of anesthesia. The patient was then posi- 
tioned for a standard frontotemporal cran- 
iotomy and stabilized in three-point cranial 
fixation. A frontotemporal or pterional 
craniotomy was then performed. Mannitol 
(1.0 g/kg of body weight) was infused dur- 
ing the craniotomy. Following resection of 
the lateral one third of the sphenoidal ridge 
and dural opening, the microscope was 
brought into the surgical exposure. Using a 
standard microsurgical technique, the lat- 
eral aspect of the sylvian fissure was opened 
for a distance of approximately 3.0 cm be- 
ginning just posterior to the termination of 
the horizontal portion of the fissure. Be- 
cause of the mass effect from putaminal 
hematomas of this size, only a relatively 
superficial subarachnoid dissection was re- 
quired before the laterally displaced insu- 


lar cortex was identified. This cortex was 
then opened horizontally, allowing imme- 
diate access into the hematoma cavity. The 
clot was then thoroughly evacuated, leaving 
only thin layers of coagulum adherent to 
particularly friable brain surfaces. If of- 
fending lenticulostriate branches were 
found to be persistently bleeding after he- 
matoma evacuation, they were selectively 
cauterized. After decompression was 
achieved, the blood pressure was further 
decreased to approximately 150 mm Hg 
systolic, and from that point the blood 
pressure was tightly controlled, as in rou- 
tine craniotomy cases, with a 150-mm ceil- 
ing. After meticulous hemostasis was 
achieved, closure was performed with re- 
placement of the bone flap. Epidural drains 
were routinely placed, but intracranial 
pressure was not monitored postopera- 
tively. A computed tomographic scan with- 
out contrast was obtained within 24 hours 
to document the extent of hematoma evac- 
uation. The patients’ airways were man- 
aged postoperatively in a manner consis- 
tent with standard postoperative care, but 
hyperventilation was not performed. 


Follow-up 


Following the acute phase of their illness, 
patients were referred to rehabilitation fa- 
cilities, nursing homes, or home care. Fol- 
low-up neurologic assessments of surviving 
patients were obtained 3 months and 6 
months following onset of illness. Assess- 
ments were performed by direct examina- 
tion and family discussion with one of the 
investigators, by review of medical charts 
for patients being followed up in other 
clinic systems, or by telephone interview 
with family members. The following func- 
tional outcome scale was used: level 1, dead 
or vegetative; level 2, dependent at home or 
institution; level 3, independent at home; 
and level 4, returns to prestroke social 
activity but not necessarily to occupation. 
Interestingly, there was no difference be- 
tween 3- and 6-month functional outcome 
level in any patient. Patients in levels 1 and 
2 were considered to be treatment failures. 


Statistical Methods 


This study was planned to compare three 
groups with approximately 20 patients per 
group. This sample size has a 75% chance of 
detecting a difference of 40% to 5% unfa- 
vorable outcomes at the .05 level of signif- 
icance (one-sided). Since entry of a suffi- 
cient number of patients was anticipated to 
take considerable time and since efficacy of 
therapy was measured in terms of serious 
morbidity and mortality, an interim analy- 
sis of the results was planned after approx- 
imately 10 patients per group were entered. 

Comparability of the groups with regard 
to age, systolic and diastolic blood pressure, 
and time between onset of symptoms and 
arrival in the emergency department was 
assessed using one-way analysis of variance 
followed by Student-Newman-Keuls pair- 
wise comparisons. Admission grades and 
outcome at 6 months were compared using 
likelihood ratio x? contingency table analy- 
sis. The .05 level of significance was chosen. 
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RESULTS 


Well before our target number of 
patient entries was reached, it became 
obvious that outcome in each treat- 
ment group was unacceptably poor. 
Consequently, the first 21 patients 
were analyzed for comparability. Nine 
patients had been entered into the 
BMM arm; 4 patients, into the BMM 
plus ICP monitoring group; and 8 pa- 
tients, into the surgery group (Table). 
No significant differences were found 
among groups for age, grade on admis- 
sion, systolic and diastolic blood pres- 
sure, or interval between onset of 
symptoms and arrival in the emer- 
gency department (Table). 

At 6 months, none of the subjects 
were capable of returning to prestroke 
activity. Fifteen (71%) of the 21 pa- 
tients died or remained vegetative, and 
only 4 (19% ) were capable of self-care 
and were living at home. Of the 9 pa- 
tients who received BMM, 7 were dead 
or vegetative and 2 were independent 
at home. In the BMM plus ICP moni- 
toring group, all 4 patients were dead 
or vegetative. In the surgically treated 
group, 4 patients died and 2 were 
dependent at home. Only 2 surgical 
patients were capable of self-care at 6 
months. No valid x? comparison is pos- 
sible. 


COMMENT 


Hypertensive putaminal hemor- 
rhage originates in the distribution of 
lenticulostriate arteries. Fisher’ has 
demonstrated actual sites of arterial 
rupture on these penetrating vessels, 
and although microaneurysms were 
identified, they were not directly im- 
plicated in causation. He thought that 
the destruction of these vessels by hy- 
pertension leading to fibrinoid necro- 
sis was the anatomic substrate for oc- 
clusive phenomena, as well as hemor- 
rhage. It is likely that this underlying 
“end-stage” systemic as well as neuro- 
logic arteriopathy explains the failure 
of many, if not most, patients to re- 
cover from ganglial hemorrhages. 

The fate of patients suffering HPH 
of various sizes with conservative 
therapy is not precisely known, as 
many reports have included subcorti- 
cal and thalamic hemorrhages and 
have employed a variety of medical 
therapeutic regimens. It is clear, how- 
ever, that the mortality and major 
morbidity rates of large putaminal 
hematoma are high. Scott and 
Werthan’ described 25 patients who 
suffered intracerebral hemorrhage, 
most commonly ganglial in location; 15 
(60%) of the 25 patients died. These 
patients were not operated on because 
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Clinical Features 










































































BMM BMM + ICP Surgery 

No. of patients 9 4 8 
Admission grade 

1 (alert) (0) 

2 (lethargic) Y 

3 (obtunded, stuporous) 2 
Age, y (mean + SE) 54.9 + 3.5 
Systolic BP, mm Hg 

(mean + SE) 234 + 10.7 243 + 16.2 218 + 8.2 
Diastolic BP, mm Hg 

(mean + SE) 132 + 7.3 137 + 8.4 116 + 5.9 
Time from onset of symptoms 

to ED arrival, h (mean + SE) 2.9 + 0.6 4.8 + 2.0 S2487 
Outcome at 6 mo 

1 (dead or vegetative) 7 4 4 

2 (dependent) (0) te} 2 

3 (independent at home) 2 o 









4 (return to prestroke 
activity) 









*BMM indicates best medical management; ICP, intracranial pressure monitoring; BP, blood pressure; and 


ED, emergency department. 


of spontaneous clinical stabilization or 
severe coma. Kutsuzawa et al” de- 
scribed 85 conservatively treated pa- 
tients with HPH; 43% died and only 
54% of the survivors recovered above 
the level of self-care. In a review of pa- 
tients treated nonsurgically for spon- 
taneous intracerebral hematoma, Hel- 
weg-Larsen et al! reported 19 gangli- 
onic hemorrhages. Their overall series 
included a variety of patients, includ- 
ing many who were not hypertensive. 
While their overall early mortality 
rate was only 27%, the prognosis was 
worse for patients whose hematoma 
was ganglial in location, and the mor- 
tality rate was 90% for patients with 
large (greater than 50 cm’) hemato- 
mas. 

The observation that HPHs produce 
a substantial component of their mass 
effect by mechanically displacing 
tissue? and the fact that the insular 
cortex protrudes laterally and occu- 
pies a relatively superficial site in the 
sylvian fissure have encouraged sur- 
geons to explore options for early de- 
compression in hopes that mortality 
and disability could be lessened. In 
1959 McKissock et al’? reported a pre- 
microsurgical series in which the over- 
all mortality rate of capsular hemor- 
rhage was 93%. More modern surgical 
series have reported somewhat im- 
proved results, although these results 
have not consistently been better than 
nonsurgical therapy. 

Nonrandomized comparative stud- 
ies suffer from case selection bias in 
that deteriorating and severely ill pa- 
tients (who have dismal prognosis re- 
gardless of treatment) are usually op- 
erated on while alert patients are often 


treated conservatively. In addition, 
historical control groups are less than 
ideal because of the rapid evolution of 
medical as well as surgical technology. 
In 1983 Waga and Yamamoto’ ad- 
dressed the issue of surgical vs medical 
treatment in HPH. While the surgical 
group was a historical one, they could 
detect no benefit of surgery over med- 
ical therapy. The surgical group had a 
28% mortality rate, and the conserva- 
tively managed patients fared slightly 
better, with a 14% mortality rate. In 
1984 Kanno et al‘ reported 265 putam- 
inal hemorrhages in which no signifi- 
cant difference in outcome could be 
shown between medical and surgical 
cases. In 1986 Waga et al’ reported 
further experience (also nonrandom- 
ized) with 182 patients in whom no 
surgical benefit could be detected. A 
very optimistic report appeared in 
1983 suggesting strikingly improved 
results if craniotomy could be per- 
formed within 7 hours of ictus. In this 
report, Kaneko et al" found only 9% of 
patients to be dead or bedridden at 
long-term follow-up. Their report 
stimulated us to undertake a prospec- 
tive randomized trial. 

To date, we are aware of only two 
other published prospective studies of 
medical and surgical therapy. In 1961 
McKissock et al,’ in a study of patients 
with ganglial hematomas, found that 
62% of the conservatively managed 
group died, compared with 75% of the 
surgical patients. Recently, a trial 
from Finland was reported that in- 
cluded 52 prospectively randomized 
patients with spontaneous supraten- 
torial hemorrhage; the basal ganglia 
were involved in 39 of the 52 patients.* 
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The conservatively treated group hada 
38% mortality rate, and 31% of the 
survivors were capable of an indepen- 
dent life. In the surgical group, 46% 
died and only 7% of survivors were in- 
dependent. A surgical benefit was 
therefore not demonstrated. 

As mentioned above, we had planned 
to evaluate our results after approxi- 
mately 10 patients had been admitted 
to each treatment arm. During the 
course of the study two points became 
obvious quite early: first, the overall 
incidence of HPH seen at our institu- 
tion had radically decreased since the 
late 1970s; second, the functional out- 
come at 6 months was miserable in all 
treatment groups, with “favorable” 
outcome in only 22% of the BMM group 
and in only 25% of the surgical group. 
As mentioned, all four patients in the 
ICP monitoring group were treatment 
failures. While our selection criteria 
allowed only severely injured patients 
with large hematomas to be admitted, 
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it is likely that characteristics of our 
study patient population may have 
further heightened management mor- 
bidity. Patients treated in our emer- 
gency department tend to receive 
crisis-oriented health care, with 
relatively poor compliance to recom- 
mended drug therapy. As a result, we 
see large numbers of severely hyper- 
tensive patients who at an early age 
are systemically and often neurologi- 
cally injured by this potentially dis- 
abling disease. It is not surprising that 
a neurologic catastrophe such as HPH 
proves insurmountable for the major- 
ity of these patients. 

In light of these early results, it 
seems that standard and current mi- 
crosurgical therapy has little to offer 
this subset of patients with hyperten- 
sive intracranial hemorrhage. By the 
same token, our current BMM also has 
little to offer. It seems appropriate to 
direct efforts henceforth into areas 
that may substantially impact this 
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devastating type of hemorrhagic 
stroke. While dramatic progress has 
been made in decreasing the incidence 
of hypertensive cerebral hemorrhage 
in many sectors of our population, 
there are clearly millions of people 
who have not reaped benefits from 
these hypertension screening pro- 
grams. In addition to major efforts in 
prevention, new forms of acute phase 
therapy should be sought. Optimistic 
reports have appeared using stereotac- 
tic aspiration," and this may become 
a very appealing modality if the inci- 
dence of rebleeding can be controlled. 
Local instillation of clot-specific 
thrombolytic substances may become 
a potentially promising avenue to pur- 
sue, especially as the specificity of 
these agents becomes further refined. 
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Brain Imaging Abnormalities in 
Mental Disorders of Late Life 


George S. Zubenko, MD, PhD; Patrick Sullivan, MD; John P. Nelson, MD; 
Steven H. Belle, PhD; F. Jacob Huff, MD; Gerald L. Wolf, MD, PhD 


e Psychiatric inpatients with dementia 
(N = 61)or depression (N = 67) in late life 
were 2.6 times more likely to manifest 
magnetic resonance imaging abnormali- 
ties of the brain than were elderly controls 
(N = 44). Controlling for the effects of age 
and gender, demented patients were dis- 
tinguishable from controls by an increased 
prevalence of cortical atrophy and infarc- 
tion, while depressed patients exhibited 
an increased prevalence of cortical infarc- 
tions and leukoencephalopathy. Patients 
with dementia were distinguishable from 
those with major depression by an in- 
creased prevalence of cortical atrophy. 
These results indicate that major depres- 
sion in late life, like dementia, is associ- 
ated with a remarkable increase in overt 
pathologic changes in the brain. 

(Arch Neurol. 1990;47:1107-1111) 


Radiologic imaging of the brain has 

become a common part of the di- 
agnostic examination of patients with 
newly emergent psychiatric disor- 
ders.!? Such methods, including mag- 
netic resonance imaging (MRI) and 
computed tomography (CT), may have 
their greatest value in the examina- 
tion of elderly psychiatric patients, 
who are at the highest risk for devel- 
opment of primary organic mental 
disorders.’ Dementia, a well-recog- 
nized organic mental syndrome of the 
elderly, is often associated with corti- 
cal and central atrophy, cortical and 
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lacunar infarction, leukoencephalopa- 
thy, and, less often, space-occupying 
lesions.* Major depression is also a 
common and debilitating psychiatric 
disorder in late life. In contrast to de- 
mentia, major depression is more 
likely to be viewed as an idiopathic 
disorder, especially when it occurs in 
the absence of cognitive impairment or 
clinical evidence of stroke. 

The observation that elderly pa- 
tients with major depression manifest 
differences from younger patients 
with major depression in a variety of 
clinical characteristics suggests that 
pathologic concomitants of the aging 
process may contribute to the patho- 
physiology of major depression in the 
later years.'*!’? The most consistently 
observed effect of age at onset of de- 
pressive illness is an inverse relation- 
ship with familial risk of depres- 
sion,» although not all studies have 
observed this relationship,°* perhaps 
owing to differences in method. Sev- 
eral reports have demonstrated that 
older current age and age at first onset 
are associated with a more protracted 
clinical course, increased severity, and 
decreased cycle length.'**** In general, 
only small and inconsistent differ- 
ences in symptoms have been reported 
from studies that controlled for cur- 
rent age of early- and late-onset 
groups of elderly patients with major 
depression. A notable exception to this 
seems to be the effect of age at onset on 
the prevalence of psychosis. Meyers 
and coworkers**! reported a higher 
prevalence of delusions among elderly 
patients with late-onset major depres- 
sion than age-matched patients with 
early onset major depression,**' and 
preliminary studies of our inpatient 
population have supported this 
finding. However, other studies that 
selectively employed women,* pa- 
tients with melancholia,” or patients 


as young as 50 years” have not found 
a similar relationship between age at 
onset and the prevalence of psychosis 
in patients with major depression. 

Recent evidence has suggested that 
idiopathic major depression in late life 
may be associated with an increased 
prevalence of leukoencephalopathy, as 
detected by MRI and CT scans.** 
Furthermore, major depression is a 
common concomitant of degenera- 
tive dementias in the elderly, including 
those that result from Alzheimer’s di- 
sease,““** Parkinson’s disease,”*! or 
Pick’s disease,” and in dementias of 
vascular origin.” In view of these find- 
ings, we have begun to evaluate the 
possibility that an unsuspectedly large 
fraction of cases of late-life depression 
may be associated with degenerative 
brain changes that are observable by 
radiologic imaging. In the current 
study, we compared the prevalence of 
MRI abnormalities in 67 elderly de- 
pressed patients with the respective 
findings for 61 patients with dementia 
and with those of 44 neurologically 
healthy elderly controls. The CT scans 
of a subset of the patients were also 
examined to assess the relative sensi- 
tivities of these two brain imaging 
techniques in the context of late-life 
mental disorders. 


PATIENTS AND METHODS 
Patient Selection 


The study population consisted of all eld- 
erly patients (N = 128) admitted between 
1985 and 1988 to the inpatient units of the 
Geriatric Health Services of Western Psy- 
chiatric Institute and Clinic, Pittsburgh, 
Pa, who met Diagnostic and Statistical 
Manual of Mental Disorders, Third Edition 
and Revised Third Edition (DSM-III and 
DSM-III-R) criteria for dementia or major 
depression,‘*°S and for whom MRI scans had 
been performed as part of the diagnostic 
evaluation. As a resource of the Depart- 
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Table 1.—Demographic 
Characteristics of Study Population 










Age, y 
C 
No. M/F* Mean + SDł Range 
Control 44 22/22 68.0 + 6.2 59-83 
Dementia 61 20/41 756+ 8.2 59-94 
Major 
depression 67 19/48 73.2 + 6.5 61-91 
* Pearson's x? = 5.73, df = 2, P = .057. 
tAnalysis of variance across groups, F = 14.90, 
df = 2,169, P < .0001. 
















ment of Psychiatry at the University of 
Pittsburgh, these geriatric inpatient units 
serve as a tertiary referral center for pa- 
tients in the tristate area who suffer men- 
tal disorders in late life. Patients hospital- 
ized in this setting typically suffer from 
dementia accompanied by behavioral dis- 
turbances or disorders, as well as major de- 
pression complicated by frequent recur- 
rence, treatment refractoriness, or signifi- 
cant morbidity from coexisting medical 
disorders. In this context, brain imaging 
has been included as part of the usual diag- 
nostic evaluation. The choice of those pa- 
tients who received MRI scans (rather than 
CT scans) was largely based on MRI scan- 
ner availability and contraindications to 
MRI scanning. 

Patients with dementia were not subclas- 
sified into groups with primary degenera- 
tive or multi-infarct dementia since neuro- 
radiographic findings, the principal out- 
come variables in this study, played an 
important role in this diagnostic assign- 
ment. Patients with major depression were 
dichotomized into those with or without 
mild cognitive impairment that was insuf- 
ficiently global or severe to meet DSM-III 
and DSM-III-R criteria for dementia. The 
presence of mild cognitive impairment was 
determined retrospectively by a single 
board-certified psychiatrist whose sources 
of information included a semistructured 
diagnostic interview,® cognitive and neu- 
ropsychological testing, functional assess- 
ments of activities of daily living, and his- 
torical information obtained from family 
members and caregivers. This judgment 
was made in the absence of the results of 
brain imaging. Neurologically healthy con- 
trols (N = 44) were referred from the 
Alzheimer’s Disease Research Center of the 
University of Pittsburgh, where they had 
been examined by board-certified psychia- 
trists and neurologists and chiefly consisted 
of caregivers and family members of pa- 
tients with the clinical diagnosis of Alz- 
heimer’s disease. The socioeconomic status 
of patients and controls was typically mid- 
dle class, and the study population was al- 
most exclusively white. 


Neuroradiologic Assessments 


The MRI studies were performed with a 
General Electric (Milwaukee, Wis) 1.5-T 
Signa system and randomly assigned for 
interpretation to one of four board-certi- 
fied neuroradiologists at the Pittsburgh 
NMR Institute. Spin-echo pulse sequences 
were used to generate both T,-weighted 
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Table 2.—Univariate Comparisons of MRI Findings Among Elderly Controls 
and Psychiatric Inpatients * 












































Clinical Cortical Cortical Lacunar Leuko- No 
Grouping No. Atrophy Infarction Infarction encephalopathy Abnormality 
Controls 44 15.9 (7) 2.3 (1) 9.1 (4) 18.2 (8) 65.9 (29) 
Patients 128 46.9(60) 21.1 (27) 15.6 (20) 40.6 (52) 11.7 (15) 
Dementia 61 59.0 (36) 24.6 (15) 16.4 (10) 39.3 (24) 8.2 (5) 
Major depression 67 35.8 (24) 17.9 (12) 14.9 (10) 41.8 (28) 14.9 (10) 









* MRI indicates magnetic resonance imaging. Values are prevalences (%) with actual numbers of cases in 
parentheses. Univariate comparisons were made only between the patient groups, since they were similar in 
age and sex ratio to each other but differed significantly from the controls (Table 1). 


(repetition time [TR], 800 milliseconds; echo 
time [TE], 20 milliseconds) and T,-weighted 
(TR, 2500 milliseconds; TE, 25, 50, 75, and 
100 milliseconds) coronal and axial brain 
images of each subject. Serial coronal sec- 
tions were obtained at a thickness of 5 mm 
without an interscan gap. Axial sections 
were also obtained at a thickness of 5 mm 
with an interscan gap of 1.0 to 2.5 mm. Two 
excitations were performed to produce each 
image. The CT studies were performed with 
a General Electric Model 9800 scanner. Se- 
quential sections 3 mm thick were obtained 
with an interscan gap of 2 mm. 

Since the scans of patients were per- 
formed on inpatients for clinical purposes, 
board-certified neuroradiologists were 
aware of the patients’ age and sex and that 
the purpose of the head scan was to evalu- 
ate the possibility of mass lesions or is- 
chemic changes in the context of a psychi- 
atric presentation. Age, sex, and referral 
source were the only data provided for the 
control group. The neuroradiologists were 
unaware of this distinction between pa- 
tients and controls, and requests for scans 
from patients and controls were inter- 
spersed. The neuroradiographic variables 
that were evaluated were discussed pro- 
spectively and included the presence of cor- 
tical atrophy, cortical infarctions, gray 
matter lacunae, and leukoencephalopathy 
(MRI, periventricular and deep white mat- 
ter hyperintensities; CT, leuko-araiosis; 
diffuse areas of decreased white matter 
density), as defined previously.“ The reli- 
ability and validity of scan interpretations 
was fostered by frequent informal consul- 
tations among the neuroradiologists and by 
their attendance at regular clinical and 
teaching conferences. 


Statistical Analysis 


Age and sex across the three clinical 
groups (dementia, major depression, and 
controls) were compared (Table 1) using a 
one-way analysis of variance and the Pear- 
son x? statistic. Age differences between 
pairs of diagnostic groups were explored 
post hoc using t tests corrected for multiple 
comparisons by the Bonferroni method.” 

Raw data describing the MRI findings in 
the subject groups are given in Table 2, 
along with comparisons between the de- 
pressed and demented groups that were 
well matched for age and sex ratios. These 
univariate comparisons were made using 
the Pearson x? statistic corrected for conti- 
nuity. Within diagnostic groups, logistic 
regression analyses were used to determine 


the effects of age at scan, age at first onset 
(major depression only), and gender on the 
prevalence of each MRI abnormality. Lo- 
gistic regression analyses were also used to 
compare MRI findings between diagnostic 
groups while controlling for the effects of 
age and gender. In these analyses, the age 
at scan and age at first onset were included 
as continuous variables, while gender 
(male, 1; female, 2) and the MRI findings 
(present, 1; absent, 0) of cortical atrophy, 
cortical infarction, gray matter lacunae, 
and leukoencephalopathy were included as 
discrete variables. For all logistic regres- 
sion models, the odds ratios and respective 
95% confidence intervals for demographic 
or MRI variables are presented. An odds 
ratio whose 95% confidence interval does 
not include unity is significant at P < .05. 

A comparison of brain imaging abnor- 
malities detected in the same subset of 18 
individuals by MRI and CT scanning was 
made using McNemar’s test. Interscan 
agreement was expressed using Cohen’s x 
statistic. 


RESULTS 


The demographic characteristics of 
the diagnostic groups are compared in 
Table 1. Age differed significantly 
across the subject groups, although 
the age ranges of the groups were 
largely overlapping. Both the patients 
with dementia and those with major 
depression were older than the con- 
trols (t = 5.41, df = 103, P < .0001, and 
t=4.19, df=109, P < .0001, respec- 
tively) but similar in mean age to each 
other (t = 1.84, df = 126, P = .07). The 
patient groups also appeared to be en- 
riched for female subjects compared 
with the control group, although this 
trend did not reach statistical signifi- 
cance. The age (mean + SD) at first 
onset of major depression in the de- 
pressed group was 62.5 + 16.0 years 
(range, 14 to 91 years). 

The prevalences of MRI abnormali- 
ties among patients and controls are 
given in Table 2. The prevalence of all 
MRI findings was increased in the 
overall group of elderly inpatients 
compared with the neurologically 


peen 


healthy controls. In fact, only 11.7% of g 


all patients had MRI scans of the head 
that were judged to be entirely normal, 
emphasizing the high prevalence of 
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* MRI indicates magnetic resonance imaging. Values are the odds ratios (95% confidence intervals) using age at scan, gender, and age at onset (for major depression 











Cortical Cortical Lacunar No 
Atrophy Infarction Infarction Leukoencephalopathy Abnormality 
Controls 
Age at scan 1.20t 1.20 2.24 1.39¢ 0.69t 
(1.03-1.40) (0.81-1.77) (0.80-6.29) (1.09-1.78) (0.55-0.87) 
Sex 2.84 ł ł 21.9ł 0.36 
(0.42-19.1) (1.27-3.75) (0.06-2.24) 
Dementia 
Age at scan 1.06 0.98 1.08 1.05 0.84t 
(0.99-1.14) (0.91-1.05) (0.99-1.19) (0.98-1.12) (0.7 1-0.98) 
Sex 0.80 0.62 1.45 1.09 0.38 
(0.25-2.51) (0.18-2.12) (0.31-6.70) (0.35-3.34) (0.04-3.24) 
Major depression 
Age at scan 1.07 0.98 0.92 1.01 0.89 
(0.98-1.17) (0.89-1.09) (0.81-1.04) (0.93-1.10) (0.77-1.02) 
Sex 0.36 2.23 0.82 1.21 0.84 
(0.12-1.14) (0.43-11.6) (0.18-3.76) (0.39-3.72) (0.18-3.90) 
Age at onset 0.99 1.00 1.01 0.99 1.03 
(0.96-1.03) (0.96-1.05) (0.96- 1.06) (0.95-1.02) (0.97-1.10) 





only) as predictors for each MRI scan finding, as determined by logistic regression analysis. In controls, for example, the MRI finding of cortical atrophy is 1.2 times more 
likely for each year increase in age between 59 and 83 years. Meaningful estimates of the association of gender with cortical or lacunar infarction in the control group 
could not be made owing to the small number of subjects with either of these MRI findings. 


tStatistically significant at P < .05. 


Because the number of cortical (n = 1) and lacunar (n = 4) infarctions among controls were small, the odds ratios associated with these MRI findings were not mean- 

















ingful. 
Table 4.—MRI Findings as Discriminators of Diagnostic Groups * 
Cortical Cortical Lacunar 
Age Sex Atrophy Infarction infarction Leukoencephalopathy 
Control vs dementia 1.11¢ 2.34 5.49t 19.5t 1.67 1.48 
(1.02-1.21) (0.77-6.46) (1.77-17.0) (2.13-178) (0.34-8.05) (0.44-5.00) 

Control vs major 1.10t 2.28 2.37 9.03t 2.30 2.88t 

depression (1.01-1.19) (0.89-5.86) (0.77-7.22) (1.06-76.9) (0.61-8.61) (1.03-8.08) 
Major depression vs 1.03 1.00 2.42ł 1.66 1.37 1.10 

dementia (0.98-1.09) (0.45-2.22) (1.13-5.18) (0.65-4.23) (0.48-3.92) (0.50-2.41) 
Major depression with 1.00 0.92 3.38t 2.22 3.59 1.14 

cognitive impairment vs (0.94- 1.06) (0.36-2.37) (1.33-8.57) (0.68-7.26) (0.81-15.8) (0.45-2.92) 

dementia 





* MRI indicates magnetic resonance imaging. Values are the odds ratios (95% confidence intervals) using age at scan, sex, and the four MRI findings as predictors 
of four pairwise comparisons of diagnostic group using logistic regression models. 


+Statistically significant at P < .05. 





No. of Scans CT Findings 


Table 5.—CT and MRI Findings in 18 Elderly Depressed Inpatients * 


MRI Findings 
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Cortical infarction 











Cortical infarction 





* CT indicates computed tomography; MRI, magnetic resonance imaging. See Table 6 for statistical compar- 
isons. 


such abnormalities in our elderly pop- 
ulation of psychiatric inpatients. Since 
the patients with dementia were sim- 
ilar in age and sex ratio to those with 
major depression, the MRI findings for 
these groups were compared directly. 
The patient groups were distinguish- 
able only by the more common finding 
of cortical atrophy among patients 
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with dementia (P = .01). 

The effects of sex and age at scan on 
the MRI findings within each diagnos- 
tic group were explored using logistic 
regression models (Table 3). Age at 
first onset was also included for pa- 
tients with major depression. For the 
control group, increased age at scan 
was associated with a greater likeli- 


hood of cortical atrophy and leukoen- 
cephalopathy and a lower likelihood of 
a scan with no abnormality. In addi- 
tion, female gender was associated 


Normal Normal x i 

Normal Cortical atrophy with a higher prevalence of leukoen- 
Normal Cortical atrophy, leukoencephalopathy cephalopathy. The effect of sex and age 
Normal Cortical atrophy, lacunar infarction at scan on the prevalence of cortical 


(n=1) or lacunar (n = 4) infarction 
could not be adequately addressed in 
the control group because of the low 
prevalence of these findings (Table 2). 
Within the group of demented pa- 
tients, increased age at scan was asso- 
ciated with a lower likelihood of a nor- 
mal scan. Age at scan, age at onset, and 
sex did not predict the presence of any 
MRI abnormalities evaluated among 
the patients with major depression. 
The diagnostic significance of the 
MRI results was also examined using 
logistic regression analysis to discrim- 
inate between pairs of diagnoses, while 
controlling for the effects of age and 
gender. As shown in Table 4, increased 
age and the presence of cortical atro- 
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Table 6.—Summary and Comparison Statistics of CT vs MRI Results in 18 Elderly 


Depressed Inpatients * 



























































P, 
cT MRI CT vs MRI Cohen’s x 
Cortical atrophy 66.7 (12) 83.3 (15) .08 
Cortical infarction 5.6 (1) 5.6 (1) 1.00 1.00 
Lacunar infarction 5.6 (1) 55.6 (10) <.01 aii 
Leukoencephalopathy o (0) 11.1 (2) RF .00 
Meningioma o (0) 5.6 (1) bäi .00 














No abnormality 27.8 (5) 





11.1 (2) 








*CT indicates computed tomography; MRI, magnetic resonance imaging. Sensitivities of detection of brain 
abnormalities by CT scans were calculated using MRI scan results as the standards for comparison. P values 
are for pairwise comparisons of prevalences by McNemar's test. 


phy and cortical infarction were inde- 
pendently associated with dementia in 
comparison with controls. In addition, 
increased age and the presence of cor- 
tical infarction and leukoencephalop- 
athy were independently associated 
with major depression in comparison 
with controls. The presence of cortical 
atrophy was significantly more likely 
in patients with dementia than depres- 
sion, although to a lesser degree than 
that observed between demented pa- 
tients and controls. This last finding 
confirmed the univariate comparisons 
of these two groups given in Table 2. 

The last finding suggested that MRI 
scans of the head may have some util- 
ity in the differential diagnosis of pa- 
tients who have mixed symptoms of 
major depression and cognitive im- 
pairment. To explore this possibility, 
we employed a logistic regression 
analysis to compare the MRI results of 
the group of patients with dementia 
with results of a subgroup of the de- 
pressed patients who had clinical evi- 
dence of mild cognitive impairment 
(n= 38; 11 men and 27 women; 
74.3 + 6.6 years old). While control- 
ling for the independent effects of age, 
gender and the other MRI variables, 
cortical atrophy remained more likely 
in patients with dementia than in de- 
pressed patients with some degree of 
cognitive impairment (Table 4). 

Concurrent CT scans were obtained 
for a subgroup of 18 patients with ma- 
jor depression, and the results are 
compared with the corresponding MRI 
findings in Tables 5 and 6. The MRI 
scans were more sensitive in detecting 
abnormalities overall in this subsam- 
ple, especially in subcortical regions, 
consistent with previous reports of the 
relative sensitivity of MRI and CT 
scans of the head.'??“} In addition, a 
meningioma not detected on CT scan 
was observed in the MRI scan of the 
same patient. 


COMMENT 


Age was found to be a powerful pre- 
dictor of the presence of MRI abnor- 
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malities among neurologically healthy 
elderly controls. In the age range from 
59 to 83 years, members of this group 
were over 10-fold more likely to exhibit 
cortical atrophy and leukoencephalop- 
athy for every successive decade of 
longevity. This pronounced effect of 
aging underscores the importance of 
correcting for even small age differ- 
ences between groups of patients or 
controls whose MRI findings are com- 
pared. 

Both dementia and major depres- 
sion were associated with an increased 
prevalence of MRI abnormalities com- 
pared with neurologically healthy eld- 
erly subjects, controlling for the ef- 
fects of age and gender. These results 
support previous reports suggesting 
that major depression in the elderly is 
associated with an increased preva- 
lence of leukoencephalopathy as de- 
tected by CT or MRI scanning.**** More 
important, they challenge the common 
conceptualization of major depression 
in late life as a “functional” or “psy- 
chological” disorder, at least in cases 
sufficiently severe to warrant hospital- 
ization. However, this challenge is not 
meant to minimize the potential value 
of psychological, behavioral, or sup- 
portive interventions to aid such pa- 
tients or their families and caregivers. 

A second noteworthy finding of this 
study was that the presence of cortical 
atrophy was two to three times more 
common among elderly patients with 
dementia than among patients with 
major depression, even when accom- 
panied by mild cognitive impairment. 
This observation suggests that this 
MRI finding may have a role in the 
differential diagnosis of these disor- 
ders. Such a result would have the 
most clinical significance in the exam- 
ination of patients who manifest 
symptoms of both syndromes and 
whose primary diagnosis is unclear. 
Moreover, this finding suggests a dif- 
ferent pathophysiology for mild cog- 
nitive impairment when it occurs in 
patients with primary major depres- 
sion than in those with primary de- 


mentia. 

Our evaluation of concurrent MRI 
and CT head scans of the same subset 
of depressed patients suggests that 
these brain imaging techniques do not 
provide equivalent information. This 
may not be surprising since proton 
(water) density detected by MRI and 
tissue density measured by CT are not 
necessarily identical entities. The in- 
creased sensitivity of the MRI scan, 
especially for the detection of subcor- 
tical changes, has led us to prefer this 
brain imaging technique over CT scan- 
ning for the examination of elderly 
psychiatric inpatients unless it is con- 
traindicated by the presence of metal- 
lic objects, a cardiac pacemaker, or the 
inability of patients to comply with the 
procedure. Skull roentgenograms may 
be used to screen for the presence of 
foreign metal objects in the orbit in 
those cases where occupational condi- 
tions have placed patients at risk for 
such hazards. 

Our observation of the high preva- 
lence of structural brain lesions de- 
tected by MRI among our elderly pa- 
tients with major depression is consis- 
tent with the hypothesis that these 
lesions may contribute to the emer- 
gence of depression in late life. How- 
ever, the failure of age at onset inde- 
pendently to predict the presence of 
any of the MRI findings examined de- 
tracts from the appeal of this hypoth- 
esis, unless the relationship of these 
variables is confounded by an opposing 
effect, such as a potential association 
of lifetime duration of depressive ill- 
ness and the development of structural 
brain disease. For example, it seems 
plausible that patients who suffer 
from protracted episodes of depression 
during adulthood may be at increased 
risk for cerebrovascular disease. A 
more detailed investigation including 
measurements of lesion size and more 
precise anatomic localization may also 
reveal associations with behavioral 
syndromes that were not observed in 
our study. The presence of leukoen- 
cephalopathy has also been suggested 
to be associated with inadequate anti- 
depressant response leading to refer- 
ral for electroconvulsive therapy.” 
While our study does not adequately 
address this question, most of our de- 
pressed patients responded suffi- 
ciently well to be discharged on anti- 
depressant medication regimens, and 
less than 20% were referred for elec- 
troconvulsive therapy. However, our 
inpatient service serves as a tertiary 
referral center for our region, and this 
referral bias may have obscured sucha 
relationship. Finally, it is possible that 
the presence of structural brain le- 
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sions detected by MRI scans in pa- 
tients with late-life mental disorders 
may provide important prognostic in- 
formation regarding the future course 
of illness. For example, the presence of 
cerebrovascular disease has been re- 
ported to be an important predictor of 
mortality among elderly patients with 
dementia. Whether structural lesions 
detected by MRI scanning of the brain 
predict the emergence of delirium or 
dementia, less frequent or shorter pe- 
riods of remission, or increased mor- 
bidity among elderly patients with 
major depression remain important 
questions for longitudinal studies. 
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Adjuvant Chemotherapy for Primary Lymphoma 
of the Central Nervous System 


Marc C. Chamberlain, MD, Victor A. Levin, MD 


@ Ten immunocompetent patients with 
primary non-Hodgkin’s lymphoma of the 
central nervous system were treated by 
the neuro-oncology service at the Univer- 
sity of California at San Francisco (UCSF). 
After undergoing surgery for biopsy or re- 
moval of their tumors, these patients 
(group 1) received irradiation with hydrox- 
yurea followed by adjuvant chemotherapy 
with the combination of procarbazine, lo- 
mustine (CCNU), and vincristine. The out- 
come of treatment in this group was com- 
pared with that in three other groups of 
patients with primary CNS lymphoma: pa- 
tients treated at the UCSF Cancer Re- 
search Institute who underwent surgery 
and radiation therapy (RT) (group 2); pa- 
tients described in the literature who had 
surgery and RT (group 3); or patients 
described in the literature who had sur- 
gery, RT, and chemotherapy (group 4). 
Median and quartile survival times were 
greater in patients who received adjuvant 
chemotherapy (group 1, 30 and 50 
months; group 4, 20 and 25 months) than 
in patients who did not receive chemother- 
apy after RT (group 2, 13 and 20 months; 
group 3, 15 and 24 months). These results 
suggest that adjuvant chemotherapy is 
useful in the treatment of primary CNS 
lymphoma. 

(Arch Neurol. 1990;47:1113-1116) 
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Thre multimodality treatment of pri- 

mary malignant brain tumors is 
well established.'* Since 1975, chemo- 
therapy with the combination of pro- 
carbazine, lomustine (CCNU), and vin- 
cristine (PCV) has been used with con- 
siderable success as an adjuvant to 
surgery and radiation therapy (RT) in 
patients with malignant gliomas at 
the neuro-oncology service, University 
of California at San Francisco 
(UCSF).!°* Hydroxyurea has been 
found to improve the therapeutic re- 
sponse to RT for patients with a vari- 
ety of tumors,™™ including malignant 
gliomas.***"?"> Since these drugs are 
also representative of drugs active in 
systemic lymphoma, though never 
evaluated in this schedule, the use of 
hydroxyurea during RT followed by 
chemotherapy with PCV seemed to be 
a rational approach to the treatment 
of primary central nervous system 
(CNS) lymphomas. 

Since 1977, 10 patients without im- 
munodeficiency have been treated in 
this fashion after surgery for primary 
CNS non-Hodgkin’s lymphoma at 
UCSF. In this report, we compared the 
outcome of treatment in these patients 
with that in patients described in the 
literature who were treated postoper- 
atively with RT alone or RT and 
chemotherapy'** and in an intrainsti- 
tutional group of patients treated with 
surgery and RT. 


PATIENTS AND METHODS 
Patient Eligibility and Treatment 


Group 1 consisted of 10 consecutive im- 
munocompetent patients with primary 
CNS lymphoma and a Karnofsky perfor- 
mance status greater than 60 who were seen 
by the neuro-oncology service at UCSF 
from January 1977 through February 1986. 
Diagnosis was confirmed by surgery in 8 
patients and at postmortem examination in 
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2. All patients had B-cell lymphomas, either 
large cell or immunoblastic subtypes. All 
patients received 55 to 61 Gy of brain irra- 
diation given in 25 to 34 fractions of 1.8 to 
2 Gy each within 4 weeks of diagnosis. 

During RT, hydroxyurea was given orally 
at a dose of 300 mg/m? every 6 hours, every 
other day (Monday, Wednesday, and Fri- 
day). Chemotherapy was begun approxi- 
mately 2 weeks after the completion of RT. 
Therapy with lomustine (110 mg/m’) was 
given on day 1; procarbazine (60 mg/m’), on 
days 8 through 21; and vincristine (1.4 mg/ 
m?), on days 8 and 29. This cycle was 
repeated every 6 to 8 weeks for 1 year or 
until the tumor progressed. Dose modifica- 
tions were made in patients who had my- 
elotoxicity according to criteria established 
by the Northern California Oncology 
Group.** 

These patients were compared with three 
groups of patients with respect to treat- 
ment outcome.“ For ease of comparison 
we have defined these groups as follows: 
group 2, UCSF Cancer Research Institute 
(CRI) patients receiving surgery and RT 
(patients seen and treated independently at 
UCSF by the hematology-oncology divi- 
sion); group 3, patients described in the lit- 
erature receiving surgery and RT; and 
group 4, patients described in the literature 
receiving surgery, RT, and a variety of dif- 
ferent forms of post-RT chemotherapy. 

Curves for survival were constructed us- 
ing the method of Kaplan and Meier.” Me- 
dian and quartile survivorship comparisons 
were made using the log-rank test. 


Evaluation of Response 


The evaluation consisted of a neurologi- 
cal examination and a contrast-enhanced 
computed tomographic (CT) brain scan. 
The response to treatment was determined 
on the basis of sequential evaluations per- 
formed after completion of RT and before 
each course of chemotherapy. Steroid (dex- 
amethasone) doses were kept at the lowest 
value consistent with good medical prac- 
tice. 

The response to treatment, according to 
the criteria established by the Northern 
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California Oncology Group, was catego- 
rized as follows**: response was defined as 
definite improvement in the neurological 
examination and CT scan while the patient 
was receiving a stable or decreasing dose of 
steroids; deterioration was defined as defi- 
nite worsening in the neurological exami- 
nation and CT scan while the patient was 
receiving a stable or decreasing steroid 
dose; and stable was defined as no definite 
change in either the neurological examina- 
tion or the CT scan. 


RESULTS 


The clinical data on the 10 patients 
in group 1 are summarized in Table 1. 
The patients were 11 to 65 years old 
(median, 53 years) and survived 7 to 69 
months (median, 30 months). There 
were 5 males and 5 females in the 
group 1 series. 

Eight of 10 patients underwent sub- 
total resection of their tumor, which 
had pathologic confirmation. Two of 10 
patients were diagnosed by radio- 
graphic and _ response-to-treatment 
criteria and postmortem pathologic 
examination. At time of diagnosis, no 
patient manifested leptomeningeal, 
ocular, or extraneural metastases. All 
10 patients received whole-brain RT, 
with a dose range of 35 to 60 Gy. In ad- 
dition, 2 patients received craniospinal 
RT. Three patients received boost RT 
to the tumor (range, 9 to 20 Gy). All 
patients received a minimum of 55 Gy 
to their tumor (range, 55 to 61 Gy). A 
single patient had a high-activity 
iodine 125 implant at time of tumor 
recurrence. All patients received hy- 
droxyurea during RT. Nine patients 
received PCV chemetherapy (mean 
number of cycles, 3.6; range, 1 to 7). A 
single patient received mitoguazone 
and thiotepa at recurrence. A single 
patient received only carmustine. A 
single patient received both carmus- 
tine and PCV. All patients responded 
to therapy (CT response) with resolu- 
tion of contrast-enhancing masses; 
however, regions of hypodensity often 
persisted following therapy. Perfor- 
mance status was maintained in all 
patients during follow-up, except in a 
single patient who deteriorated during 
treatment (Karnofsky performance 
status of 40). Myelosuppression was 
modest with PCV chemotherapy. Dose 
reduction was required in 6 of 42 cycles 
of therapy. No episodes of neutropenic 
fever-, transfusion-, or chemotherapy- 
related deaths occurred. 

The clinical data on the 11 consecu- 
tive immunocompetent patients in 
group 2 who had surgery and/or RT at 
the UCSF CRI (seen from January 
1977 through February 1986) are sum- 
marized in Table 2. These patients 
were 18 to 74 years old (median, 53 


1114 Arch Neurol—Vol 47, October 1990 


Patient Age, 
No. y 


Surgery 


RT, WB/T/SC, Gy, 
Plus Hydroxyurea 


Chemotherapy Survival, mo 





1 59 STR 


PCV X 2 7, DR 





2 11 STR 


Carmustine X 1; 
PCV X 1; 
mitoguazone X 6 
(salvage therapy); 
thiotepa X 6 IO 
(salvage therapy) 





STR 6§.80/.../... 


PCV X 1 





PATH 


45.00/61.20/... 


PCV X 4 





STR; iocine 
125 implant 
(salvage therapy) 


STR 





47.00/56.00/... 


Carmustine X 1 


PCV X 1 





PATH 


PCV X 4 





STR 


PCV X 7 





STR 50.40/... /30.60 


PCV X 2 








STR 35.00/55.00/25.00 PCV X 6 


* UCSF indicates University of California at San Francisco; CNS, central nervous system; STR, subtotal re- 
section; PATH, postmortem diagnosis; DR, death, disease related; IO, intra-ommaya; RT, radiation therapy; WB, 
whole-brain irradiation; T, tumor irradiation; SC, spinal cord irradiation; and PCV, procarbazine, lomustine 


(CCNU), and vincristine. 
tPatient is alive. 


No. Surgery 


RT, 
WB/T/SC, Gy 





STR 


/ 


























2 
3 
4 
5 
6 
7 
8 
9 


£ 
/ 
/ 
i 
/ 
/ 
/ 
/ 





wl 
(e 





E i EA EE E EA a E 


=- 
= 








* UCSF CRI indicates University of California at San Francisco Cancer Research Insitute; CNS, central ner- 
vous system; STR, subtotal resection; Bx, biopsy, RT, radiation therapy; WB, whole-brain irradiation; T, tumor 
irradiation; SC, spinal cord irradiation; and DR, death, disease related. 


tPatient is alive. 


years) and survived 6 to 66 months 
(median, 13 months). At time of diag- 
nosis, no patient manifested lepto- 
meningeal, ocular, or extraneural me- 
tastases. The median Karnofsky per- 
formance status in group 2 patients 
was 70, with a range of 50 to 100. The 
median dose of RT was 50 Gy with a 
range of 45 to 60 Gy. All patients 
received whole-brain irradiation. 

In our literature review, we found a 
total of 221 patients who received RT 
alone (group 3, Table 3) and 38 patients 
who had surgery, RT, and some form of 
chemotherapy (group 4, Table 4). The 
patients in group 3 were 2 to 89 years 
old (median, 54 years). The patients in 
group 4 received many different forms 
of systemic chemotherapy; most were 
those commonly used in the treatment 
of systemic lymphoma. The age and 
performance status of these patients 


were not obtainable. 

The median and quartile survival 
times (Table 5) for each of the groups 
are as follows: group 1, 30 and 50 
months; group 2, 13 and 20 months; 
group 3, 15 and 24 months; and group 
4, 20 and 25 months. A statistically 
significant difference in both median 
(P = .05) and quartile (P = .03) sur- 
vival is seen in comparing group 1 with 
group 3. No significant difference in 
survival is evident in comparing 
groups 2 and 3. In addition, a statisti- 
cally significant difference in quartile 
survival is seen when comparing group 
1 with group 2 (P = .04). 


COMMENT 


Primary CNS non-Hodgkin’s lym- 
phomas are rare tumors that repre- 
sent 0.3% to 1.5% of all CNS tumors 
and about 2% of all lympho- 
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Table 3.—Patients Surveyed in the Literature Who Received Radiation Therapy * 


No. of Patients 
in Survey (No. 
Immuno- 


Source, y compromised) 


Mean Age, Lesions, Median 
(Range), y S/M Survival, mo 





19 (0) 
14 (0) 
10 (0) 


Freeman et al,? 1986 
Woodman et al,” 1985 
Loeffler et al,” 1985 








62 (38-87) NS 12 
58 (34-74) 10/4 24 
47 (10-71) NS 15 











Frank et al,?' 1985 16 (0) 


55 (33-7 1) 14/2 15 





Helle et al, 1984 22 (7) 


44 (2-89) 12/10 39 





Mendenhall et al,® 1983 12 (3) 


52 (17-80) NS 14 





Letendre et al,”° 1982 15 (NS) 


57 (29-78) NS 





Berry and Simpson,'® 1981 21 (0) 


61 (2-73) 





Littman and Wang, 1975 19 (0) 


54 (43-68) NS 





Henry et al,™ 1974 21 (1) 


52 (10-89) 





Schaumberg et al,*' 1972 25 (0) 
* S/M indicates single/multiple; NS, not stated. 


56 (32-83) NS 





Table 4.—Patients Surveyed in the Literature Who Received Surgery, Radiation, 
and Chemotherapy 


Source, y 


Surgery Radiation 


Median 
No. Survival, 


Chemotherapy Treated mo 





Adjuvant 


Cohen et al,'* 1986 = 


DEMOB 36t 





Hobson et al,”° 1986 + 





CMOPP 24t 





Frank et al,?' 1985 $ 


NS 18 





Mendenhall et al,™® 1983 + 


CHOP 
BCOP 
Carmustine 


16 











Kawakami et al,'® 1985 


CHOP 





VENP; VEMP 








Nimustine 





CHOP 





Helle et al, 1984 


POCC 

POC 

Predisone, phenylalanine 
Prednisone 














Woodman et al,” 1985 


Nj|ajaj a iN|O|N| Sa |N | |a | | | f 


NS 


Salvage 


Littman and Wang,® 1975 


COPP 





Herbst et al,*° 1976 


IT methotrexate 





Ervin and Canellos,”° 1980 


HD methotrexate 





Neuwelt et al,™® 1986 


BBB DISRUPT; 
IA ID methotrexate; 
cyclophosphamide; 
procarbazine; 
prednisone 





Abelson et al,” 1981 


HD methotrexate 





*NS indicates not specified; plus sign, treatment administered; minus sign, treatment not administered; 
DEMOB, daunorubicin, etopside (VP- 16), methotrexate, vincristine, and bleomycin; CMOPP, cyclophosphamide, 
mechlorethamine, vincristine, prednisone, and procarbazine; CHOP, cyclophosphamide, daunorubicin, vincris- 
tine, and prednisone; POCC, prednisone, vincristine, cyclophosphamide, and lomustine (CCNU); BCOP, bleo- 
mycin, cyclophosphamide, vincristine, and prednisone; VENP, vincristine, etopside (VP-16), procarbazine, and 
prednisone; VEMP, vincristine, etopside (VP- 16), mercaptopurine, and prednisone; POC, prednisone, vincristine, 
and cyclophosphamide; COPP, cyclophosphamide, vincristine, procarbazine, and prednisone; IT, intrathecal; 
HD, high-dose; IA ID, intra-arterial intermediate-dose; and BBB DISRUPT, blood-brain barrier disruption. 


tPatient is alive. 


mas, 521.22.24.25,28-39 Tn 1978, Taylor et al” 
demonstrated that the neoplastic cells 
in these tumors are transformed B-cell 
lymphocytes. Since then, the over- 
_whelming majority of primary CNS 
lymphomas have been classified as B 
cell in origin. Subclassification of 
these tumors into high- and low-grade 
lymphomas may have prognostic 
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significance.” It has been suggested 
that the transformed neoplastic cell 
responsible for primary CNS lym- 
phoma is either a microglial cell or a 
peripherally derived lymphocyte (R. L. 
Davis, MD, personal communication, 
March 1989). 

There are several chemotherapeutic 
strategies that may be worthy of eval- 
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Table 5.—Duration of Survival at the 
50th and 25th Percentiles 


Survival, mo 
oo - c;._O.O——— 


Group 50th Percentile 25th Percentile 
30 50 
13 20 
15 24 
20 25 





uation. The use of halogenated pyri- 
midines to potentiate radiation-in- 
duced tumor-cell kill is one possibility. 
Intermittent or continuous infusions 
of iododeoxyuridine or bromodeoxyu- 
ridine may enhance the effectiveness 
of RT.“ Salvage chemotherapy with 
non-cross-resistant therapies, such as 
high-dose methotrexate or drug sched- 
ules designed to block acquired drug 
resistance pharmacologically, could be 
attempted in patients who have had a 
tumor recurrence, especially those 
who already have been treated with 
nitrosoureas. Alternating non-cross- 
resistant drug regimens, such as high- 
dose methotrexate and PCV, may 
prove superior to either regimen alone. 
Another modification of dose schedul- 
ing not evaluated in the present study 
would use neoadjuvant chemotherapy, 
ie, chemotherapy administered þe- 
tween surgery and RT. This may allow 
the use of high-dose methotrexate 
without inducing leukoencephalopa- 
thy, the risk of which is increased 
when methotrexate is administered 
after RT. Both Gabbai and 
coinvestigators® and DeAngelis and 
Yahalom® have reported their experi- 
ence with neoadjuvant high-dose 
methotrexate. Though median follow- 
up is short, the high response rate 
suggests the feasibility of this ap- 
proach. Hyperfractionation of radia- 
tion schedules may improve survival, 
as demonstrated by Shin et al^ in pa- 
tients with gliomas. Another approach 
would be four to six cycles of chemo- 
therapy following surgery with whole- 
brain irradiation used as consolidative 
therapy. This approach would identify 
active agents against primary CNS 
lymphoma and may allow for a reduc- 
tion in the total dose of brain irradia- 
tion. Group 4 includes patients treated 
with multiple drug programs. These 
varying drug combinations could be 
evaluated for efficacy by such an ap- 
proach. Another approach, used by 
Neuwelt et al,” is that of multiagent 
chemotherapy in conjunction with 
blood-brain barrier disruption. Fi- 
nally, craniospinal irradiation'*** or, 
alternatively, chemotherapeutic ster- 
ilization of cerebrospinal fluid at the 
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time of tumor presentation, might pre- 
vent the potential spread of tumor 
cells. 

In conclusion, the UCSF neuro-on- 
cology service regimen, albeit some- 
what heterogeneous, for primary CNS 
lymphomas in immunocompetent pa- 
tients proved to be effective with a me- 
dian survival of 30 months and a quar- 
tile survival of 50 months. By compar- 
ison, historical treatment resulted in 
median survival of 15 to 20 months and 
quartile survival of 20 to 25 months. 
Features that may account for the in- 
creased duration of survival in our pa- 
tients include the use of high-dose tu- 
mor irradiation (55 to 61 Gy) in con- 
junction with hydroxyurea, although a 
role for hydroxyurea is by no means 
established; the sequential adminis- 
tration of lipophilic chemotherapeutic 
agents every 6 to 8 weeks; evaluations 
after each phase of treatment to assess 
response to therapy; and pretreatment 
high Karnofsky performance status. A 
larger series of patients treated with 
this regimen would provide more sub- 
stantive evidence of its apparent effi- 
cacy. 


This investigation has been supported, in part, 
by grant CA-13525 from the Department of 
Health, Education, and Welfare and a Regular 
Clinical Fellowship from the American Cancer 
Society, Atlanta, Ga. 
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Chewable Tablets of 100 mg—red-speckied, pink Tablets of 200 mg—pink 


WARNING 

APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI- 
ATION WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
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LATION IS LOW, APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL. DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME HOWEVER, THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI- 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS. 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND APLAS- 
TIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES 08B- 
SERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO SIGNAL 
THE OCCURRENCE OF EITHER ABNORMALITY NONETHELESS, COMPLETE PRE- 
TREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A BASELINE 
IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR DECREASED 
WHITE BLOOD CELL OR PLATELET COUNTS, THE PATIENT SHOULD BE 
MONITORED CLOSELY DISCONTINUATION OF THE DRUG SHOULD BE CON- 


SIDERED IF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
DEVELOPS 


Before prescribing Tegretol, the physician should be thoroughly familiar with the 
details of this prescribing information, particularly regarding use with other drugs, 
especially those which accentuate toxicity potential. 


DESCRIPTION 
Tegretol, carbamazepine USP. ıs an anticonvulsant and specific analgesic for trigeminal 
neuralgia, available as chewable tablets of 100 mg and tablets of 200 mg for oral 
administration. Its chemical name is 5H-dibenz{b. f]azepine-5-carboxamide, and its struc- 
tural formula is 
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Carbamazepine USP is a white to off-white powder, practically insoluble in water and 
soluble in alcohol and in acetone. Its molecular weight is 236.27 
Inactive Ingredients. Colloidal silicon dioxide. FD&C Red No 3 (chewable tablets only). 
FD&C Red No 40 (200-mg tablets only). flavoring (chewable tablets only), gelatin 
glycerin, magnesium stearate, sodium starch glycolate (chewable tablets only), starch 
Stearic acid, and sucrose (chewable tablets only) 


CLINICAL PHARMACOLOGY 
in controlied clinical tals, Tegretol! has been shown to be effective in the treatment of 
Psychomotor and grand mal seizures, as well as trigeminal neuralgia 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures It appears to act by reducing polysynaptic responses and 
blocking the post-tetanic potentiation Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats. It depresses thalamic potential and 
bulbar and polysynaptic reflexes. including the linguomandibular refiex in cats. Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to control the pain of 
trigeminal neuralgia. The mechanism of action remains unknown 

Tegretol tablets are adequately absorbed after oral administration at a slower rate than a 
solution. thus avoiding undesirably high peak concentrations Tegretol chewable tablets 
may produce higher peak levels than the same dose given as regular tablets. Tegretol in 
blood is 76% bound to plasma proteins. Plasma levels of Tegretol are variable and may 
range trom 0.5-25 ug/ml, with no apparent relationship to the daily intake of the drug 
Usual adult therapeutic levels are between 4 and 12 ug/ml. Following oral administration 
serum levels peak at 4 to 5 hours. The CSF/serum ratio is 0 22. similar to the 22% 
unbound Tegretol in serum Because Tegretol may induce its own metabolism. the half-lite 
is also variable. Initial half-life values range trom 25-65 hours. with 12-17 hours on 
repeated doses Tegretol is metabolized in the liver. After oral administration of 14C-carba- 
mazepine. 72% of the administered radioactivity was found in the urine and 28% in the 
feces. This urinary radioactivity was composed largely of hydroxylated and conjugated 
metabolites, with only 3% of unchanged Tegretol. Transpiacental passage of Tegretol is 
rapid (30 to 60 minutes), and the drug is accumulated in fetal tissues. with higher levels 
found in liver and kidney than in brain and lungs 


INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug Evidence supporting 
efficacy of Tegretol as an anticonvulsant was derived trom active drug-controlled studies 
that enrolled patients with the following seizure types 
1 Partial seizures with complex symptomatology (psychomotor, temporal lobe) Patients 
with these seizures appear to show greater improvement than those with other types 
2 Generalized tonic-clonic seizures (grand mal), 
3. Mixed seizure patterns which include the above, or other partial or generalized 
seizures 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAU- 
TIONS. General) 
Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated with 
true trigeminal neuralgia. 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug is not a simple analgesic and should not be used for the relief of trivial aches or 
pains 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depression 
hypersensitivity to the drug. or known sensitivity to any of the tricyclic compounds, such 
as amitriptyline, desipramine, imipramine, protriptyline, nortriptyline. etc. Likewise. on 
theoretical grounds its use with monoamine oxidase inhibitors is not recommended 
Before administration of Tegretol. MAO inhibitors should be discontinued for a minimum 
of fourteen days. or longer if the clinical situation permits. 


WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may be particularly at 
nsk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyell’s syndrome) 
and Stevens-Johnson syndrome. have been reported with Tegretol. These reactions have 
been extremely rare. However, a few fatalities have been reported 

Tegretol has shown mild anticholinergic activity: therefore. patients with increased 
intraocular pressure should be closely observed during therapy 

Because of the relationship of the drug to other tricyclic compounds. the possibility of 
activation of a latent psychosis and. in elderly patients, of contusion or agitation should be 
borne in mind 


PRECAUTIONS 
General: Before initiating therapy, a detailed history and physical examination should be 
made 

Tegreto! should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures. since in these patients Tegretol has been associated 
with increased frequency of generalized convulsions (see INDICATIONS AND USAGE), 

Therapy should be prescribed only after critical benefit-to-risk appraisal in patients with 
a history of cardiac, hepatic or renal damage, adverse hematologic reaction to other 
drugs. or interrupted courses of therapy with Tegretol 
information for Patients: Patients should be made aware of the early toxic signs and 
symptoms of a potential hematologic problem, such as tever, sore throat. ulcers in the 
mouth. easy bruising. petechial or purpuric hemorrhage. and should be advised to report 
to the physician immediately if any such signs or symptoms appear 

Since dizziness and drowsiness may occur, patients should be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 
tasks 
Laboratory Tests: Complete pretreatment blood counts. including platelets and possibly 
reticulocytes and serum iron, should be obtained as a baseline. If a patient in the course of 
treatment exhibits low or decreased white blood cell or platelet counts, the patient should 





be monitored closely Discontinuation of the drug should be considered if any evidence ot 
significant bone marrow depression develops 

Baseline and periodic evaluations of liver function, particularly in patients with a history 
of liver disease. must be performed during treatment with this drug since liver damage 
may occur The drug should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease 

Baseline and periodic eye examinations, including slit-lamp, funduscopy and tonome- 
try. are recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 

Baseline and periodic complete unnalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dysfunction 

Monitoring of blood levels (see CLINICAL PHARMACOLDGY) has increased the efficacy 
and safety of anticonvulsants This monitoring may be particularly useful in cases of 
dramatic increase in segure frequency and for verification of compliance In addition 
Measurement of drug serum levels may aid in determining the cause of toxicity when more 
than one medication is being used 

Thyroid function tests have been reported to show decreased values with Tegretol 
administered alone 

Hyponatremia has been reported in association with Tegretol use. either alone or in 
combination with other drugs 
Drug Interactions: The simultaneous administration o' phenobarbital, phenytoin, or 
primidone, or a combination of two. produces a marked lowering of serum levels of 
Tegretol The effect of valproic acid on Tegretol blood levels is not Clearly established. 
although an increase in the ratio of active 10. 11-epoxide metabolite to parent compound is 
a Consistent finding 

The hait-lves of phenytoin, warfarin, doxycycline. and theophylline were significantly 
shortened when administered concurrently with Tegretal Haloperidol and valproic acid 
serum levels may be reduced when these drugs are administered with Tegretol The doses 
of these drugs may therefore have to be increased when Tegretol is added to the 
therapeutic regimen 

Concomitant administration of Tegretol with erythromycin. cimetidine. Propoxyphene. 
isoniazid or calcium channel blockers has been reported to result in elevated plasma levels 
of carbamazepine resulting in toxicity in some cases Also. concomitant administration of 
carbamazepine and lithium may increase the risk of neurotoxic side effects 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications 

Breakthrough bleeding has been reported among patents receiving concomitant oral 
Contraceptives and their reliability may be adversely affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility Carbamazepine. when adminis- 
tered to Sprague-Dawley rats for two years in the diet at doses of 25, 75. and 250 
mg/kg/day, resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of males 

Carbamazepine must, therefore. be considered to be carcinogenic in Sprague-Dawley 
rats. Bacterial and mammalian mutagenicity studies using carbamazepine produced 
Negative results The significance of these findings relatwe to the use of carbamazepine in 
humans is. at present, unknown 
Pregnancy Category C: Tegretol has been shown to have adverse effects in reproduction 
studies in rats when given orally in dosages 10-25 times the maximum human daily dosage 
of 1200 mg In ratteratology studies, 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 of 119 otfspnng at 650 mg/kg showed other anomalies (cleft palate. 1. talipes. 1 
anophthalmos, 2) In reproduction studies in rats. nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women Epidemiological 
data suggest that there may be an association between the use of carbamazepine during 
pregnancy and congenital malformations, including spina bifida. Tegretol should be used 
during pregnancy only if the potential benefit justifies the potential risk to the fetus 

Retrospective case reviews suggest that. compared with monotherapy. there may be a 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy Therefore. monotherapy is recommended tor pregnant women 


Only TEGRETOL, 
brand of carbamazepine, 
provides the prescribing 


flexibility of a 100-mg scored 
chewable tablet, as well as 
a 200-mg scored tablet. 





It is important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong 
Possibility of precipitating status epilepticus with attendant hypoxia and threat to life in 
individual cases where the severity and frequency of the seizure disorder are such that 
removal of medication does not pose a senous threat to the patient. discontinuation of the 
drug may be considered prior to and during pregnancy, although it cannot be said with any 
confidence that even minor seizures do not pose some hazard to the developing embryo or 
fetus 
Labor and Delivery: The effect of Tegretol on human labor and delivery is unknown 
Nursing Mothers: During lactation, concentration of Tegretol in milk is approximately 60% 
of the maternal plasma concentration 

Because of the potential for senous adverse reactions in nursing infants trom car- 
bamazepine. a decision should be made whether to ciscontinue nursing or to discontinue 
the drug. taking into account the importance of the drug to the mother 
Pediatric Use: Safety and effectiveness in children below the age of 6 years have not been 
established 


ADVERSE REACTIONS 
If adverse reactions are of such severity that the drug must be discontinued. the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING), the skin and the cardiovascular system 

The most frequently observed adverse reactions. particularly during the initial phases of 
therapy, are dizziness. drowsiness, unsteadiness. nausea, and vomiting To minimize the 
Possibility of such reactions. therapy should be initiated at the low dosage recommended 

The following additional adverse reactions have been reported 
Hemopoietic System. Aplastic anemia. agranulocytosis, pancytopenia. bone marrow 
depression. thrombocytopenia, leukopenia, leukocytosis. eosinophilia, acute intermittent 
porphyria 
Skin: Pruntic and erythematous rashes, urticaria. toxic epidermal necrolysis (Lyells 
syndrome) (see WARNINGS), Stevens-Johnson syndrome (see WARNINGS), photosen- 
sitivity reactions, alterations in skin pigmentation. exfoliative dermatitis. erythema multi- 
forme and nodosum, purpura, aggravation of disseminated lupus erythematosus 
alopecia, and diaphoresis In certain cases. discontinuation of therapy may be necessary 
Cardiovascular System: Congestive heart failure. edema. aggravation of hypertension 
hypotension, syncope and collapse, aggravation ot coronary artery disease. arrhythmias 
and AV block. primary thrombophlebitis. recurrence of thrombophlebitis. and adenopathy 
or lymphadenopathy 

Some of these cardiovascular complications have resulted in fatalities Myocardial 
infarction has been associated with other tricyclic compounds 
Liver. Abnormalities in liver function tests. cholestatic and hepatocellular jaundice. 
hepatitis 
Respiratory System Pulmonary hypersensitivity characterized by fever, dyspnea. pneu- 
monitis or pneumonia 
Genitourinary System Urinary frequency. acute unnary retention, oliguna with elevated 
blood pressure, azotemia, renal failure, and impotence Albuminuna, glycosuna. elevated 
BUN and microscopic deposits in the unne have aiso been reported 

Testicular atrophy occurred in rats receiving Tegretol orally trom 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day. Additionally, rats receiving Tegretol in the diet tor two years 
at dosage levels of 25, 75. and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis In dogs, it produced a brownish discoloration. presum- 
ably a metabolite. in the urinary bladder at dosage levels of 50 mg/kg and higher 
Relevance of these findings to humans ıs unknown 
Nervous System- Dizziness, drowsiness, disturbances of coordination, contusion, head- 
ache. fatigue, blurred vision, visual hallucinations. transient diplopia. oculomotor distur- 
bances. nystagmus. speech disturbances, abnormal involuntary movements. peripheral 
neuritis and paresthesias, depression with agitation, talkativeness. tinnitus. and 
hyperacusis 

There have been reports of associated paralysis and other symptoms of cerebral arterial 
insufficiency, but the exact relationship of these reactions to the drug has not been 
established 
Digestive System: Nausea, vomiting. gastnc distress and abdominal pain. diarrhea. consti- 
pation, anorexia, and dryness of the mouth and pharynx, including glossitis and stomatitis 


Eyes Scattered, punctate. cortical lens opacities. as well as conjunctivitis have been 
reported Although a direct causal relationship has not been established. many phe- 
Nothiazines and related drugs have been shown to cause eye changes 
Musculoskeletal System Aching joints and muscles. and leg cramps 
Metabolism Fever and chills Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported Cases of frank water intoxication, with decreased serum sodium 
(hyponatremia) and contusion, have been reported in association with Tegreto! use (see 
PRECAUTIONS. Laboratory Tests} 
Other Isolated cases of a lupus erythematosus-like syndrome have been reported There 
have been occasional reports of elevated levels of cholesterol. HDL cholesterol and 
Inglycendes in patients taking anticonvulsants 

A case of aseptic meningitis, accompanied by myoclonus and peripheral eosinophilia 
has been reported in a patient taking carbamazepine in combination with other medica- 
tions The patient was successfully dechallenged. and the meningitis reappeared upon 
rechallenge with carbamazepine 


DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential nas been associated with Tegretol. nor is there evidence of 
Psychological or physical dependence in humans 


OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose adults. >60 g (39-year-old man) Highest known doses 
survived: adults. 30 g (31-yearold woman), children. 10 g (6-year-old bay), small 
children. 5 g (3-year-old girl) 

Oral LD50 in animals (mg/kg) mice. 1100-3750, rats, 3850-4025. rabbits, 1500-2680. 
guinea pigs. 920 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours Neuromuscular disturbances are the 
Most prominent Cardiovascular disorders are generally milder. and severe cardiac com- 
plications occur onty when very nigh doses (>60 g) have been ingested 
Respiration. Irregular breathing. respiratory depression 
Cardiovascular System Tachycardia. hypotension or hypertension. shock conduction 
disorders 
Nervous System and Muscles impairment of consciousness ranging in severity to deep 
coma Convulsions. especially in smal! children Motor restlessness, muscular twitching 
tremor, athetoid movements, opisthotonos, ataxia. drowsiness. dizziness, mydriasis 
nystagmus. adiadochokinesia. ballism, psychomotor disturbances, dysmetna Initial 
hyperreflexia. followed by hyporetiexie 
Gastrointestinal Tract Nausea. vomiting 
Kidneys and Bladder Anuna or oliguna, urinary retenvon 
Laboratory Findings Isolated instances of overdosage have included leukocytosis, re- 
duced leukocyte count. glycosuria and acetonunia EEG may show dysrhythmias 
Combined Poisoning. When alcohol. tricyclic antidepressants. barbiturates or hydantoins 
are taken at the same time, the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or moditied 
Treatment 
The prognosis in cases of severe poisoning is cntically dependent upon prompt elimination 
of the drug. which may be achieved by inducing vomiting irrigating the stomach, and by 
taking appropriate steps to diminish absorption |f these measures cannot be implemented 
without risk on the spot, the patient should be transferred at once to a hospital, while 
ensuring that vital functions are safeguarded There is no specitic antidote 
Elimination of the Drug Induction of vomiting 

Gastric lavage Even when more than 4 hours have elapsed following ingestion of the 
drug. the stomach should be repeatedly irrigated. especially it the patient has also 
consumed alcoho! 
Measures to Reduce Absorption. Activated charcoal. laxatives 
Measures to Accelerate Eliminaton Forced diuresis 

Dialysis ıs indicated only ın severe poisoning associated with renal failure. Replacement 
transfusion is indicated in severe poisoning in small children 
Respiratory Depression Keep the airways free. resort. it necessary, to endotracheal 
intubation, artificial respiration, and administration of oxygen 
Hypotension. Shock Keep the patient's legs raised and administer a plasma expander If 
blood pressure fails to rise despite measures taken to increase plasma volume. use of 
vasoactive substances should be considered 
Convulsions Diazepam or barditurates 
Warning Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension. and coma. However barbiturates should NOt de used if drugs that 
inhibit monoamine oxidase have also been taken by the patient either in Overdosage or in 
recent therapy (within one week) 
Surveillance Respiration, cardiac function (ECG monitoring). blood pressure body tem- 
perature. pupillary reflexes and kidney and bladder function should be monitored for 
several days 
Treatment of Blood Count Abrormatities H evidence ot significant bone marrow depres- 
sion develops. the following recommendations are suggested (1) stop the drug (2) 
perform daily CBC, platelet anc reticulocyte counts. (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery 

Special periodic studies might be helpful as toliows (1) white cell and Platelet anti- 
bodies. (2) S9Fe—terrokinetic studies, (3) peripheral blood cell typing, (4) cytogenetic 
Studies on marrow and peripheral blood. (5) bone marrow culture studies tor colony- 
forming units. (6) hemoglobin electrophoresis tor Az and F hemoglobin, and (7) serum 
folic acid and B49 levels 

A fully developed aplastic anerma will require appropriate. intensive monitoring and 
therapy, for which specializec consultation should be sought 


DOSAGE AND ADMINISTRATION 

Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS. Laboratory Tests). Dosage should be adjusted to the needs of the individ- 
ual patient A low initial daily dosage with a gradual increase is advised As soon as 
adequate control is achieved the dosage may be reduced very Qradually to the minimum 
effective level Tablets should De taken with meals 

Epilepsy (see INDICATIONS AND USAGE) 

Adults and children over 12 years of age—Initial: 200 mg dı d Increase at weekly 
intervals by adding up to 200 mg per day using atid or gid regimen until the best 
response is obtained Dosage should generally not exceed 1000 mg daily in children 12 to 
15 years of age and 1200 mg daily in patients above 15 years of age Doses up to 1600 mg 
daily Nave been used in adults in rare instances Maintenance: Adjust dosage to the 
minimum effective level, usually 800-1200 mg daily 

Children 6-12 years of age —Initial: 100 mg d | d Increase at weekly intervals by adding 
100 mg per day using at ı d orq ı d regimen until the best response is obtained Dosage 
should generally not exceed 1000 mg Maintenance: Adjust dosage to the minimum 
effective level, usually 400-800 mg daily 

Combination Therapy: Tegreto! may be used alone or with other anticonvulsants When 
added to existing anticonvulsant therapy, the drug should be added gradually while the other 
anticonvulsants are maintained or gradually decreased except phenytoin, which may have 
to be increased (see PRECAUTIONS. Drug Interactions and Pregnancy Category C) 
Trigeminal Neuralgia (see INDICATIONS AND USAGE) 

Initial: 100 mg d ı don the first day for a total daily dose of 200 mg This daily dose may 
be increased by up to 200 mg a cay using increments of 100 mg every 12 hours only as 
needed to achieve treedom trom pain. Do not exceed 1200 mg daily 

‘Maintenance: Control of pain can be maintained in most patients with 400 mg to 800 mg 
daily However. some patients may be maintained on as little as 200 mg daily, while others 
May require as much as 1200 mg daily. At least once every 3 months throughout the 
treatment period. attempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug 


HOW SUPPLIED 
Chewable Tablets 100 mg—round. red-speckled, pink. single-scored (impnnted Tegretol 
on one side and 52 twice on the scored side) 


Bottles of 100 NDC 0028-0052-01 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NOC 0028-0052-61 


Tablets 200 mg—capsule-shaped. pink, single-scored (imprinted Tegretol on one side 
and 27 twice on the scorec side) 

Bottles of 100 

Bottles of 1000 
Gy-Pak*—One Unit 

12 botties—100 tablets each 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NOC 0028-0027-61 
Sampies. when available, are icentitied by the word SAMPLE appearing on each tablet 
Protect trom moisture 
Dispense in tight container (USP) 
Also available as Tegretol suspension 100 mg/5 mi. in 450 mi bottles 
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X-Linked Spinal Muscular Atropky (Kennedy’s Syndrome) 


A Kindred With Hypobetalipoproteinemia 


Carolyn L. Warner, MD; Serenella Servidei, MD; Dale J. Lange, MD; 
Ellen Miller, MD; Robert E. Lovelace, MD; Lewis P. Rowland, MD 


è Kennedy’s syndrome, X-linked adult- 
onset bulbospinal muscular atrophy, has 
been described in over 30 families. The 
characteristic distribution of weakness 
creates a recognizable syndrome, aug- 
mented by frequent findings of testicular 
atrophy and gynecomastia. Type IV or 
type II hyperlipoproteinemia has been 
found in some families. We have studied 
another family with Kennedy’s syndrome, 
this one with hypobetalipoproteinemia. 
The diversity of serum patterns suggests 
that lipoprotein abnormalities are not caus- 


` ally related to either the endocrinopathy or 


the spinal muscular atrophy. However, 
gene linkage studies Indicate proximity of 
the gene for Kennedy’s syndrome and the 
gene encoding the androgen receptor, 
which could explain the combination of a 
motor neuron disorder and the endocrine 
abnormalities. 
(Arch Neurol. 1990;47:1117-1120) 


Kennedy’s syndrome,! X-linked 

adult-onset spinal muscular atro- 
phy with endocrinopathy, has been re- 
ported in 31 families. Type IV hyperli- 
poproteinemia was found in four 
families,“ and there was type II hy- 
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perlipoproteinemia in ones We have 
studied a family with Kennedy’s syn- 
drome and hypobetalipoproteinemia. 


DESCRIPTION OF KINDRED 


` Patient .3 was the propositus (Figure). 
When the diagnosis was recognized in him, 
we studied his three brothers. The clinical 
history and findings were similar in the 


three most severely affected bzothers. They. 


had frequent muscle cramps from early 
adult years. At ages 30 to 5) years, they 
noted unilateral facial spasms, palatal dys- 
arthria, dysphagia, difficulty walking and 
climbing stairs, and diffuse limb and peri- 
oral fasciculation: 

The fourth,.least affected, brother (pa- 
tient 1) had had at least fiv2 episodes of 
acute facial palsy in childhocd. These epi- 
sodes were thought to be attacks of Bell’s 
palsy; all were unilateral, affacted the left 
side of the face, and lasted 1 to 8 weeks. At 
about the age of 30 years, he noted progres- 
sive weakness of the right arm and left foot. 

There was one other affected relative. A 
dead maternal uncle was said to have had a 
waddling gait, dysarthria, tremor, and dif- 
fuse muscle twitches for 15 years before he 
died at the age of 74 years (Figure); no 
medical records were available. . 

On examination, all four brothers had 
asymmetric facial weakness, with perioral 
fasciculation. Three had dysarthria, tongue 
atrophy, and fasciculation, with limb weak- 
ness that was more severe proximally. All 
four had visible fasciculation of limb mus- 
cles. Knee and ankle jerks were present in 
patient 1, but absent in the others. None 
had Hoffmann’ s or Babinski’s signs or elo- 
nus. Sensation was intact except for im- 
paired vibration perception ir patients 2, 3, 
and 4. Two had overt testicular atrophy. 





mal motor and sensory nerve conduction - 
velocities, diffuse fasciculations, 45% to 
50% polyphasic motor units, decreased re- 
cruitment, abnormal jitter, and increased 
fiber density in all.’ The two most severely 
affected also had markedly low-amplitude 
or absent sensory nerve action potentials 
and prolonged mean motor unit potential 
duration. 

Laboratory evaluation showed high se- 
rum levels of follicle-stimulating hormone 
in two patients (Table 1). Serum estradiol 
content was elevated in one. Serum tes- 
tosterone, androstenedione, estrone, corti- 
sol, and basal luteinizing hormone levels, 
thyroid function test results, and 2-hour 
gonadotropin releasing hormone-induced 
luteinizing hormone response (gonadorelin 
hydrochloride) were normal. 

All three brothers had low serum choles- 
terol, low-density lipoprotein, and apoli- 
poprotein B levels (Table 1). Serum levels of 
triglycerides, high-density lipoprotein, 
phospholipids, vitamins E and A, and hex- 
osaminidase were normal. No oligoclonal 
bands were found in cerebrospinal: fluid, 
and cerebrospinal fluid protein content was 
normal. One had an increased serum IgA - 
level, another had a borderline IgA value, 
and the third had a normal level; none had 
monoclonal protein on serum electrophore- 
sis. One brother had insulin-dependent di- 
abetes. The other two had normal fasting 
and 2-hour postprandial serum glucose 
values. Serum creatine kinase levels were 
2.5 to 10 times higher than normal in all 
three. The electrocardiogram was normal 
in all. 

A muscle biopsy specimen in patient 2 
showed marked fiber-type grouping and at- 
rophy. The biopsy specimen in patient 3 
showed increased central nuclei, wide vari- 
ation in fiber size, a few ring fibers, exces- 














Pedigree of family under study. Solid figures indicate those with spinat muscular atrophy; figures 


with black dots, carriers. 


f _ Table 1.— Serum Laboratory Values* . . 


1 


Patient No. 


2 i 3 Normal 





FSH, IU/L 5.6 


19 25.8 1-10 





Estradiol, pmol/L 110 





37-220 





CK, U/L : 137- 


257 110 
` 514 145-288 1-50 














Totai cholesterol, mmol/L 2.58-2.74 


2.46-3.03 2.25-2.59 4.14-7.50 








` HDL, mmol/L 1.42 





1.27 1.03 0.78-1.68 








LDL, mmol/L ` 0.88 


1.16- 9.78 ` 2.33-5.43 





VLDL, mmol/L 0:21; 


0.44 0.26- 1.03 





Apo B, mg/dL beet -7 25 
2.63 








50 32 70-110 
6.61 $ 1.00-3.50 











* FSH indicates follicle-stimutating hormone; CK, creatine kinase; HDL, LDL, and VLDL, high-, low-, and very- 
low-density lipoprotein; and Apo B, apolipoprotein B. Cholesterol and lipoprotein values are age dependent.”* 
Normal range for Apo B is provided by Richard Gregg, MD, National Institutes of Health, Washington, DC, who 
performed the Apo B assays. 


grouping, and intramuscular nerve demy- 
elination. Two sural.nerve biopsy speci- 
mens (patients 2 and 3) showed moderate to 
severe demyelination of axons and in- 
creased endoneurial connective tissue but 
no amyloid, IgA, or x or A light chain depos- 
its. 
COMMENT 
Clinical Features . 


We found data for 79 patients in 31 
kindreds (including this family)**” 
(Table 2) selected according to the fol- 
lowing criteria: (1) compatible clinical 
and electromyographic evidence of 
bulbospinal motor neuron disease, 
with normal or near- -normal conduc- 
tion studies; (2) male proband, with.at 
least one other affected male relative; 
(3) no affected female relatives; and 
(4) transmission compatible with X- 
linked recessive inheritance. 

This kindred was indistinguishable 
from previously reported cases except 
for the hypobetalipoproteinemia. The 
family was kindred D in the Fischbeck 
et al” report of DNA analysis; at the 
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time of that report, gene localization ` 


was uncertain for this family. Further 
study, however, included linkage on 
the long arm of the X chromosome at 
Xq13.21, similar to the other families 
(oral communication, Kenneth Fisch- 
beck, MD, October 1989). 

In this family, as in others, the clin- 
ical features included early muscle 
eramps, visible fasciculation and 


weakness of oropharyngeal. and limb- 


muscles, dysarthria; areflexia, and 
sparing of ocular or sphincter muscles, 
with no upper motor neuron signs or 
sensory disorder. Less consistently ob- 
served abnormalities have included fa- 
cial asymmetry, gynecomastia, testic- 
ular atrophy, and infertility (Table 2). 
Characteristic laboratory findings 
(Table 1) included mildly elevated se- 
rum creatine kinase, glucose intoler- 
ance, elevated serum gonadotropin 
and estradiol, and normal or low tes- 
tosterone levels. Response to gonado- 
tropin releasing hormone may be nor- 
mal or exaggerated. Cerebrospinal 


fluid protein content may be in- 
creased. We found normal hex- 
osaminidase levels in this family. 


Neuropathy or Motor Neuron Disease 


Electromyographic and nerve con- 
duction studies have been typical of 
anterior horn cell disease. In patient 1 
we found jitter abnormalities on sin- 


gle-fiber electromyography in muscles . 


with norma! strength and normal mo- 
tor unit potential duration, suggesting 
early motor unit disease. In two of 
three patients we found reduced sen- 
sory nerve action potential ampli- 
tudes, a finding of uncertain signifi- 
cance. They had no paresthesias or loss 
of cutaneous sensation, only mildly 
decreased vibratory sense at the an- 
kles, and normal sensory nerve con- 
duction velecities. One was diabetic. 
Including our nondiabetic patient, 
sural nerve biopsy specimens have 
been abnormal in four nondiabetic pa- 
tients with Xennedy’s syndrome,'*!*4 
an abnormality attributed to “neuro- 
nopathy’"** to imply a disorder of 
both perikaryon and peripheral nerve. 

There have been only five autopsy 
reports.'?/445 None showed an abnor- 
mality of dorsal root ganglia, cells of 
Clarke’s columns, or dorsal roots on 
light microscopy. Teased fiber prepa- 
ration of dorsal roots in one patient 
showed increased segmental demyeli- 
nation and remyelination.~ Al 
showed severe loss of anterior horn 
cells at all levels. Therefore, the evi- 
dence suggests that this is primarily a 
motor neuron disease. . Moreover, 
Kennedy’s syndrome differs from 
X-linked polyneuropathy,” in which 
sensory symptoms and clinical signs 
are seen in most patients, onset is in 
childhood or adolescence, weakness is 
more distal than proximal, and there 
are electrophysiologic characteristics 
of demyelinating neuropathy. The 
gene for X-linked polyneuropathy is 
closer to the centromere than. the 


gene for X-linked spinal muscular - 


atrophy.” 
Lipid Abnormalities © 


All of our patients had hypobetali- 
poproteinemia (low levels of choles- 
terol, low-density lipoprotein, and-apo- 
lipoprotein B}. History and laboratory 
studies excluded acquired causes (hy- 
perthyroidism, dysproteinemia, mal- 
absorption.)* These patients were 
probably heterozygous for autosomal 
dominant hypobetalipoproteinemia, 
which has been reported 
kindreds”**; four of the patients in 
those hypobetalipoproteinemic fami- 
lies had neurologic abnormalities (cen- 
tral demyelination in one, a neuromus- 


Kennedy's Syndrome—Warner et a! 


in. 11. 


». 


we 


"a 


dant 


Table 2.—Clinical and Laboratory Features of Kindreds Reported With X-L nked 
Spinal Muscular Atrophy * 


Feature 


No. Observed (%) 








Clinical 
Cramps 
Dysarthria 
Facial weakness 
Proximal greater than distal limb weakness 
Knee and ankie jerks absent 
Tongue atrophy/fasciculations 
Periora! fasciculations 
Limb muscle fasciculations 
Impaired vibration sense 
Paternity 
Facial asymmetry 
Gynecomastia 
Testicular atrophy 

“Laboratory 


Muscle biopsy: neurogenic + pseudomyopathic 


CK elevated 

Glucose intolerance 

Testosterone normal 

FSH elevated 

LH elevated 

Abnormal peak LH-GnRH ratio 

Estradiol elevated 

EMG: spontaneous activity, multiple limbs 


43/61 (70) 
62/79 (78) 
60/63 (95) 
76/78 (96) 
57/67 (85) 
65/78 (83) 
60/66 (91) 
76/78 (97) 

9/63 (14) 
49/68 (72) . 
10 
39 

8 


37/38 (97) 
48/50 (96) 
12/72 (15) 
20/27 (74) (7 low) 
8/21 (38) 
10/22 (45) 
5/11 (45) 
6/17 (35) 
59/61 (97) 





“From 21 studies'**?? (including present study). CK indicates creatine kinase; FSH, follicle-s-imulating hor- 
mone; LH, luteinizing hormone; GnRH, gonadotropin releasing hormone; and EMG, electromyography. 


cular disorder in one, and sensory 
neuropathy in two), but none had spi- 
nal muscular atrophy of the type seen 
herein. 

The hypobetalipoproteinemia in 
this family is unusual. Apolipoprotein 
B levels were similar in the brothers 
who were most and least affected neu- 
rologically. Other patients with Ken- 
nedy’s syndrome have had type IV 
hyperlipoproteinemia** or, in one kin- 
dred, type II hyperlipoproteinemia 
(hyperbetalipoproteinemia). This di- 
versity makes it unlikely that any of 
these lipid abnormalities is involved in 
the pathogenesis of Kennedy’s syn- 
drome. Type IV hyperlipoproteinemia 
was noted in four sporadic cases that 
were similar to Kennedy’s syndrome,” 
and the incidence of hyperlipopro- 
teinemia (types IJ and IV) may be high 
in patients with amyotrophic lateral 
sclerosis," particularly in advanced 
cases, suggesting that the lipoprotein 
abnormality could be a consequence of 
the neurologic disorder. The frequency 
of lipid abnormalities makes it un- 
likely that this is merely a chance as- 
sociation, but the relationship of the 
neural and lipid disorders is not 
known. Perhaps the genes interact in 
some way or are affected together. 


Endocrinology 


The endocrine findings in this family 
were similar to those seen in others 
(diabetes, gynecomastia, testicular at- 
rophy, elevated serum gonadotropin 
and estradiol, normal or low serum 
testosterone levels) (Table 2). In three 


Arch Neurol—Vol 47, October 1990 


families,*"""? seminiferous tubule sper- 
matogenic arrest suggested end-organ 
failure, possibly due to deficiency of 
androgen receptors. 

Normal motor neurons are rich in 
androgen receptors, and Weiner” 
hypothesized that the selective vulner- 
ability of motor neurons in. amyo- 
trophic lateral sclerosis might some- 
how he related to this characteristic. 
However, neither spinal muscular at- 
rophy nor sensory neuropathy has 
been associated with other syndromes 
of androgen receptor dysfunction.“ 
Studies of testosterone-hypothalam- 
ic-pituitary axis interaction showed 
normal patterns in patients with amy- 
otrophic lateral sclerosis. Also, most 
androgen receptor disorders include 
infertility, but 72% of patiants with 
Kennedy’s syndrome have had chil- 
dren. 

The concurrent appearance of neu- 
rologic and endocrine abnormalities in 
many patients with Kennedy’s syn- 
drome suggests that the two are re- 
lated. Furthermore, the androgen re- 
ceptor is encoded by an X-linked gene. 
The DNA sequence has been cloned 
and localized to a portion of the chro- 
mosome that overlaps the X-linked 
spinal muscle atrophy locus? and 
the X-linked polyneuropathy locus.” 
Further studies are needed to estab- 
lish the possible role of androgen re- 
ceptor abnormalities in the pathogen- 
esis of Kennedy’s syndrome or X- 
linked polyneuropathy. 
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Progressive Myoclonic Ataxia. 
(The Ramsay Hunt Syndrome) 


C. D. Marsden, FRS; A. E. Harding, FRCP; J. A. Obeso, MD; C.-S. Lu, MD 


è ithas been suggested from studies of 
patients with progressive myoclonus epi- 
tepsy that the term Ramsay Hunt syndrome 
should be abandoned, as its use has led to 
nosologic confusion, and because, in the 
light of modern diagnostic techniques, the 
majority of cases can be allocated to spe- 
cific disease categories, chiefly, Unver- 
richt-Lundborg disease (Baltic myoclonus) 
and mitochondrial encephalomyopathy. 
Review of 30 cases of this syndrome, de- 
fined as progressive ataxia and myoclonus 
and infrequent seizures in the absence of 
dementia, showed that a clinical or bio- 
chemically supported diagnosis could not 
be made in 43%. This low diagnostic yield 
probably reflects differences in ascertain- 
ment of patients; those described here 
were referred with a syndrome of progres- 
sive myoclonic ataxia. (the Ramsay Hunt 
syndrome) rather than progressive myo- 
clonus epilepsy. These’ two syndromes 
share common Causes, but a smaller pro- 
portion of patients with progressive myo- 
clonic ataxia can currently be diagnosed 
precisely during life. ; 

(Arch Neurol. 1990;47:1121-1128) 


Te 1921, Ramsay Hunt! described a 

group of six patients, four sporadic 
cases and a pair of twin boys, under 
the title “dyssynergia cerebellaris my- 
oclonica—primary atrophy of the den- 
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tate system.” The twins had a netiro- 
logice syndrome that resembled 
Friedreich’s ataxia with onset in early 
childhood; myoclonus and epilepsy 
subsequently developed in the third 
decade of life. One of these patients 
died at the age of 36 years; autopsy 
showed, degeneration of the spinocere- 
bellar tracts and posterior’ columns 
and atrophy of the dentate nuclei and 
superior cerebellar peduncles. The 
four sporadic cases presented with my- 
oclonus and epilepsy before the age of 
20 years, and progressive cerebellar 
ataxia later developed. Ramsay Hunt’s 
intention was to draw attention to the 


combination of myoclonus ard pro- 


gressive cerebellar ataxia, which he 
believed arose as a result of degenera- 
tion of the dentate system. Ee did not 
claim that this was a specifie disease. 

Since then, many patients have been 


. described under the. term Ramsay 


Hunt syndrome, but this epcnym has 
not found universal favor, and much of 
the relevant literature is ccnfusing.? 
There are problems in defining the 
limits of the syndrome and in separat- 
ing it from other conditions with sim- 
ilar clinical features. These. are, first, 
that the presence of action myoclonus 
ofteri makes it difficult to assess cere- 
bellar function: Second, patients with 
long-standing idiopathic epilepsy and 
myoclonic seizures may develop ataxia 
after many years, perhaps related to 
anticonvulsant therapy. Third, the 
Ramsay Hunt syndrome may be con- 
fused with that of progressive myoclo- 
nus epilepsy i in which myoclonus, ton- 
ic-clonic seizures, and progressive de- 
mentia and ataxia occur. The causes of 
this include Unverricht-Lundborg dis- 
ease, Lafora’s body disease, neuronal 
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ceroid dteofescinoaiss gaidas, and 
mitochondrial encephalomyopathy.? 
Fourth, the definition of the first type 
of progressive myoclonus epilepsy to 
be described, namely, Unverricht-Lund- 
borg disease or Baltic myoclonus, and its 
relationship to the Ramsay Hunt syn- 
drome are confused. Fifth, the distinction 
between myoclonic seizures and nonepi- 
leptic myoclor.us is difficult, both clini- 
cally and electrophysiologically. A myo- 
clonic fit is due to a pathologic paroxys- 
mal electrical discharge in the-cerebral 
cortex. But spcntaneous and action myo- 
clonus in the Ramsay Hunt syndrome 
can be shown electrophysiologically to be 
due to an abnormal discharge of cortical 
motoneurons.* 

Because of these difficulties: a num- 
ber of recent authors have cast doubt 
on the value of the use of the diagnos- 
tic entity of the Ramsay Hunt 
syndrome.’ Berkovic and colleagues’ 
stated: “The term ‘Ramsay Hunt syn- 
drome’ has caused considerable confu- 
sion in the literature. It has no.agreed- 
upon definition, it does not represent a 
specific disease, and its use should now 
be abandoned.” This conclusion was 
supported by their review of more than’ 
70 patients with progressive myoclonic 
epilepsy, in which they found 11 pa- 
tients whose conditions were previ- 
ously diagnosed as the Ramsay Hunt 
syndrome. The authors reassessed 
nine of these and determined that 
most patients had mitochondrial 
encephalomyopathy.® They later con- 
cluded, “the majority of patients with 


_ progressive myoclonus epilepsy can 


now be accurately diagnosed during 
life. While occasional undiagnosed pa- 
tients remain, there is no residual ho- 
mogeneous group of cases for which 
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Table 1.—Causes of the Ramsay 
Hunt Syndrome * 


Causes 





Major i 
Unverricht-Lundborg disease 
Mitochondrial encephalomyopathy 
Sialidosis 
Lafora's body diseaset 
Neuronal ceroid lipofuscinosist 
Spinocerebellar degenerations+ 
Rare 
Gaucher's disease (noninfantile 
neuronopathic form) 
GM, gangliosidosist 
Biotin-responsive encephalopathy 
Neuroaxonal dystrophy (juvenile form)t 
Hallervorden-Spatz diseaset 
Atypical inclusion-body disease 
Action myoclonus-renal failure syndrome 
Dentatorubral-pallidoluysian atrophy 
PME and deafness (May-White syndrome) 
PME and tipomas (Ekbom) 
Celiac disease+ 
Whipple’s disease+ 


* After Berkovic et al.? PME indicates progressive 
myoclonus epilepsy. 

+Dementia often prominent, so not typical of Ram- 
say Hunt syndrome. 

Added to the list of Berkovic et al? by Marsden and 
Obeso.® 





the term akana Hunt syndrome is 
appropriate.” 

We agree with Berkovic and 
coworkers? that the Ramsay Hunt syn- 
drome does not represent a specific 
disease, and we have never used the 
term to designate a disease entity.’ It 
is a syndrome, defined as progressive 
myoclonus and ataxia in the absence of 
prominent dementia, sometimes com- 
bined with infrequent tonic-clonic sei- 
zures, with a differential diagnosis 
(Table 1). Our experience with 30 pa- 
tients who had the Ramsay Hunt syn- 
drome suggests that there is a sub- 
stantial number of patients in whom 
no underlying cause of this syndrome 
can be identified; these patients are the 
subject of this article. 


PATIENTS AND METHODS 


Between 1976 and 1988, we investigated 
30 patients who presented to the National 
Hospital, Queen Square, London, England; 
The Maudsley Hospital, London; or Clinica 
Universitaria, Pamplona, Spain, who ful- 
filled the following criteria: (1) they had a 
progressive illness consisting of spontane- 
ous and action myoclonus, preceded or fol- 
lowed by ataxia; (2) tonic-clonic seizures, if 
present, were infrequent; and (3) they had 
not progressively demented.’ 

There were 11 males and 19 females. The 
age-at onset varied between 1 and 68 years 
(Table 2). In 18 patients, the illness began 
before the age of 21 years; in four patients, 
it began between the ages of 21 and 40 years; 
and in eight patients, it began after the age 
of 40 years. The initial symptom was myo- 
clonus in 12 cases, epilepsy in 18, and ataxia 
in five. Six of the patients had never had 
seizures. Of the 24 patients who had epi- 
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Table 2. Clinical and Genetic Features of 30 Patients With the Ramsay Hunt. 
Syndrome 


Onset, y 
Patlent/ 
Sex/Age, y 
` 1/M/28 


Myoclonus Epilepsy 





2/F/14 
3/F/20 


4/M/44 


re OO 


Ataxia Family History 

Brother had Identical illness, 
onset at 24 y of age 

Brother had ataxia, dystonia, 
onset at 6 y of age 

Maternal grandmother had. 
“petit mal" epilepsy 

Brother had “grand mal’’ 
epilepsy 














5/F/18 
6/M/36 
TIF 21 





Nil 
Nil 
Nil 








8/M/18 


Nil 





9/M/21 
10/F/14 
11/F/28 
12/F/27 








13/F/37 


Nil a 
Not known (adopted) 





Nil 
Nil 





“14/F/58 


Nil 





15/F/67 


16/F/66 


Sister had identical illness, 
onset at 58 y of age 


Brother had similar illness 





17/M/64 


One cousin had 
levodopa-unresponsive 
parkinsonism, another had 
— 


18/M/42 
19/F/54 


20/M/30 


29 ua affected material 
— 


21/F/32 18 
22/M/19 16 matema, uncle had epilepsy 


23/F/35 
24/F/69 





a affected maternal 
relatives 





25/F/68 


Sister of patient 24 





26/M/40 


Srandtetner had epilepsy 





27/F/53 
28/F/17 
29/F/19 
30/M/14 


Affected sister, maternal uncle 
Sister of patient 28 
Nil 





*The exact time of onset of ataxia was often difficult to date, due to problems in distinguishing myoclonus 


from cerebellar deficit by history. 


lepsy, 18 had rare (less than one each year) 
tonic-clonic seizures; only three patients 
(Nos. 11, 12, and 30) had had myoclonic sei- 
zures. Nine patients had relatives who were 
similarly affected; in four instances, these 
were siblings, and in five cases (from three 
families), the pedigree data were compati- 
ble with either autosomal dominant or ma- 
ternal inheritance (Table 2). Four other pa- 
tients had first- or second-degree relatives 
with epilepsy, and a fifth patient had two 
cousins with levodopa-unresponsive par- 
kinsonism and a spastic paraplegia, respec- 
tively. 

All except one patient (No. 20) had limb 
and gait ataxia; this patient had a cerebel- 
lar dysarthria. Dysarthria was absent in 
patients 4, 8, 11, 17, 22, and 29. The pursuit 
eye movements were hypometric and bro- 
ken up in 23 patients, ard five of these pa- 
tients had nystagmus on lateral gaze. My- 
oclonus was most prominent on action in all 
patients, but also occurred spontaneously 


in 25. It usually involved the legs slightly 
more severely than the arms, and it was 
stimulus sensitive in about two thirds of the 
patients, more often to stretch and cutane- 
ous stimuli than auditory or visual ones. 
Cognitive function was normal in 26 of 
the 30 patients. In four patients (Nos. 3, 9, 
19, and 28), there was mild cognitive im- 
pairment. Two patients (Nos. 24 and 25, 
with the May-White syndrome’) had senso- 
rineural deafness, and four had optic atro- 
phy but preserved visual acuity (Nos. 7, 26, 
28, and 29). The tendon reflexes were in- 
creased in patients 10, 18, and 19, all of 
whom had extensor plantar responses. Are- 
flexia was observed in patients 6, 7, 24, and 
26, and the last patient had distal loss of all 
sensory modalities in the legs. Electrophys- 
iologie evicence of an axonal peripheral 
neuropathy was found in patients 16, 18, 21, 
26, and 28. Two patients (Nos. 15 and 17) had 
mild bradykinesia and rigidity (involving 
limb and axial muscles); patient 10 had mild 
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. Table 3.—Physiologic and Imaging Investigations * 


Patient EEG SEP 


Cortical 


` Correlate CT 3can 





Polyspikes 


Large 


ND 





Borderline ND 





N 





Large, 





No 
Yes 








Spike /wave 

















N 
N 
N 
N 
N 





Polyspikes 
7 - 





Serebellar atrophy 
‘Cerebellar atrophy 











Spike and wave 





Spike and wave 


Large 


Serebellar atrophy 
Generalized atrophy 








Paroxysmal N 
Spike and wave 





Large 





ND N 








Spike and wave 
Spike and wave ND 


Delayed 


Generalized atrophy 
Generalized atrophy 





2 
` 29 


Nonspecific abnormality N 
NO N 





No ` N 
No N 
Yes N 


8 
30 Polyspike Large 


* EEG indicates electrosncephalogram; SEP, somatosensory evoked potential, CT, computed tomographic; 


ND, not done; and'N, normal. 


torticollis, and patient 2 had dystonic pos- 
turing of the outstretched hands. i 
Electroencephalograms (EEGs) were 
normal in 12 patients and nonspecifically 
abnormal in three, showed paroxysmal ae- 
tivity in one, and showed polyspikes and/or 
spikes and waves in 14 patients (Table 3). 
There was no obvious correlation between 
EEG abnormalities and either the clinical 


features or other neurophysiologic find- , 


ings, that is, somatosensory evoked poten- 
tials of large amplitude (47 patients) or 
cortical correlates of myoclonic jerks (11 


- patients). There was a tendency for cortical 


correlates to bė associated with pathologi- 
eally large somatosensory evoked poten- 
tials (Table 3). The findings on computed 
tomographic (CT) seans are also shown in 
Table 3; these were normal in 19 patients 
and showed cerebellar or generalized atro- 
phy in 11. 

The absence of intellectual decline, se- 


16 patients, respectively. Skin biopsy spec- 
imens (studied with electron microscopy) 
were normal in 12 patients, and rectal 
biopsy specimens wers normal in five pa- 
tients. Fifteen of the 30 patienzs (Nos. 3, 5, 
6,11 through 18, 15 through 17,19, 22, 26 and 
28 through 30} had hac muscle biopsy spec- 
imens that showed no histochemical evi- 
dence of mitochondrial myopazhy. 


CLASSIFICATION OF CASES 
Possible Cases of Mitochondrial 
Encephalomyopathy 


As 15 of these patients did not have 
muscle biopsy specimens obtained, 
they could have had a mitochondrial 
encephalomyopathy. Two oŻ these pa- 


_ tients (Nos. 24 and 25) came from a 


family with the May-White syndrome 
of myoclonus, ataxia, deafness, and 


inheritance in this family raised the 
possibility that they too had a mito- 
chondrial encephalomyopathy, and 
normal muscle histologic characteris- 
tics have been reported in some pa- 
tients with this disorder. Thus, five of 
the total 30 patients (including three of 
the 15 who had not had a muscle biopsy 
specimen taken) had clinical features 
or a family history suggestive of mito- 
chondrial encephalomyopathy. 

The diagnosis in the remaining 12 of 
the 15 patients who did not have a 
muscle biopsy specimen obtained is 
open to discussion; they might have 
had mitochondrial disease even 
though there were no clinical clues (eg, 
retinopathy, deafness, weakness, or 
lactic acidemia) to suggest this. Some 
might be examples of Unverricht- 
Lundborg disease, the proposed diag- 
nostic criter:a for which are as follows: 
(1) onset between the ages of 6 and 15 
years; (2) tonic-clonic seizures; (3) my- 
oclonus; (4) a characteristic EEG, in- 
cluding paroxysmal 3- to 5-Hz spike or 
polyspike and wave activity; and (5) a 
progressive course. Only patient 8 
conformed to these criteria, present- 
ing with tonic-clonic seizures at the 
age of 14 years and a typical EEG ab- 
normality. Patients 1, 21, and 28 could 
be considered as possible examples of 
this disorder. Myoclonus developed in 
patient 1 at the age of 14 years, and this 
patient had polyspikes on an EEG and 
a similarly affected brother, but did 
not have tonic-clonic seizures until he 
was 28 years old. Patient 21 had an age 
at onset at the upper limit of that for 
Unverricht-Lundborg disease (at 18 
years) but otherwise conformed to the 
diagnosis with seizures and an abnor- 
mal EEG. Patient 23 had an early on- 
set (at 5 years of age), with ataxia, fol- 
lowed by myoclonus at the age of 20 
years and seizures at the age of 29 
years, with en abnormal EEG. 

The remaining patients were not 
thought to fulfill the diagnostic crite- 
ria for Unverricht-Lundborg disease. 
Patient 4 presented at the age of 16 
years with seizures but had a normal 
EEG. Four other patients (Nos. 2, 7, 9, 
and 10) had an early onset of their ill- | 


` ness (at 4, 8, 7, and 2 years of age, re- 


spectively) with ataxia in three and 
myoclonus in one. Three of these pa- - 





rare seizures, an abnormal EEG, and 
cerebellar atrophy on a CT brain sean. 

In summary, a mitochondrial en- 
cephalomyopathy was not excluded in 
17 of our 30 patients, although four of 
these could have had Unverricht-Lund- 
. borg disease. The remaining 13 pa- 
tients had no ragged red fibers on 
muscle biopsy specimens, and electron 
microscopy showed no abnormal mito- 
chondria: As acknowledged above, nor- 
mal muscle histologic features do not 
absolutely exclude mitochondrial en- 
cephalomyopathy; however, none of 
these 13 patients had any clinical or 
biochemical evidence to suggest this 
diagnosis, and an alternative must be 
sought. 


Unverricht-Lundborg Disease 


Only four of the residual 13 patients 
(Nos. 6, 22, 26, and 30) fulfilled the di- 
agnostic criteria (see above) for this 
_ disorder. All patients had the typical 
EEG findings; patient 26 had an axonal 
` peripheral neuropathy that may have 
occurred in association with Unver- 


richt-Lundborg disease (U. Nousiai- ` 


nen, MD, and M. Koskiniemi, MD, oral 
communication, 1989). One patient 


came from Iceland, one came from’ 


Spain, and the other two originated 
from the United Kingdom. Patients 3 
and 5 fulfilled some of the criteria for 
Unverricht-Lundborg disease, includ- 
ing seizures and the characteristic 
EEG abnormalities, but had an unusu- 
ally young age at onset (at 1 and 4 
years, respectively). 


Undiagnosed Cases of the 
Ramsay Hunt Syndrome 


The remaining seven patients are of 
particular interest. All patients had 
normal cognition, a normal EEG, and 
an onset between the ages of 19 and 63 
years. Patients 11 through 13 (with 
ages at onset of 25, 19, and 18 years, 
respectively) all had tonic-clonic sei- 
zures. None of the patients had evi- 
dence of pyramidal or peripheral nerve 
involvement; CT brain scans were nor- 
mal, and there was no family history of 
any similar disorder. 

The older patients (Nos. 15, 16, 17, 
and 19, with ages at onset of 63, 54, 53, 
and 47 years, respectively) were more 
variable. Patient 15 had a 4-year his- 
tory, also exhibited bradykinesia and 
rigidity but no seizures, and had evi- 
. dence of cerebellar atrophy on a CT 
scan; a sister had an identical illness 
with onset at the age of 58 years. 
Patient 16, whose brother was simi- 
larly affected, experienced myoclonus 
at the age of 54 years. She was ataxic 
but had no seizures; there was clinical 
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Table 4.—Final Diagnosis in 30 Patients With the Ramsay Hunt Syndrome 


Diagnoses 


No. (%) of Patients 





Mitochondrial disease 





Probable by clinical syndrome and /or family history: (2, 


normal muscle biopsy specimens; 3; no biopsy 


specimens taken) 
Possible: no muscle biopsy 
© Unverricht-Lundborg disease 
Probable ` 
Possible (see text) 
Celiac disease 
Undiagnosed 
Early onset (age, <25 y). fits 
Early onset, no fits 
Late onset (age >25 y), fits 
Late onset, no fits 





*These 12 patients were not considered to have mitochondrial disease on clinical grounds and did not have 
a muscle biopsy obtained. They are included in the figures given below (their contribution to the totals shown 


being given in parentheses). 


and electrical evidence of a peripheral 
neuropathy, and a CT brain sean was 
normal. She died at the age of 66 years; 
results of a histologic examination of 
sections of the cerebral hemispheres, 
brain stem, cerebellum, and spinal 


_ cord were normal. Patient 17 wasa 53- 


year-old man with an 11-year history 
and mild epilepsy who also exhibited 
bradykinesia and rigidity, but a CT 
brain scan was normal; <a cousin was 
known to have levodopa-unresponsive 
parkinsonism. Patient 19, a 54-year- 
old woman with a 7-year history and 
mild epilepsy, also had exaggerated 


tendon reflexes and extensor plantar . 


responses, but no evidence of periph- 
eral nerve involvement and.a normal 
CT sean; she was founc to have celiac 
disease. 

The final classification of these 30 
patients with the Ramsay Hunt syn- 
drome is shown in Table 4. The condi- 
tion in some of the 12 patients who had 
not had muscle biopsy specimens 
taken, who might have a mitochon- 
drial disorder, could be diagnosed as 


some other condition, as indicated i in | 


Table 4. 
COMMENT 


A clinical diagnosis was made in 12 


‘of these patients with the Ramsay 


Hunt syndrome: mitochondrial -dis- 
ease was thoughi to be probable in five 
on the basis of their clinical features or 
pedigree data; five patients fulfilled the 
diagnostic criteria for Unverricht- 
Lundborg disease; and two patients 
had celiac disease.” The remaining 18 
patients fell into three groups. First, 
there were five patients who had the 
features of Unverricht-Lundborg dis- 
ease, but their symptoms began too 
early or too late, or the course of the 
illness was atypical, for example, ton- 
i¢-clonic seizures did not develop until 
after the age of 25 years. If these cases 
are included as examples of Unver- 


richt-Lundborg disease, then 10 of our 
80 patients with the Ramsay Hunt 


_ syndrome would conform to this diag- 


nosis. Second, there were three pa- 
tients with onset in their late teens or 
20s with seizures, myoclonus, and 
ataxia who had normal EEGs, all of 
whom had normal muscle biopsy spec- 
imens. A further patient with onset of 
ataxia at the age of 3 years (followed 
by fits and myoclonus) did not have the 


‘ EEG abnormalities associated with 


‘Unverricht-Lundborg disease, and 
this patient had not had a muscle 
biopsy taken. A fifth patient with ear- 
ly-onset myoclonus, later developing 
ataxia, did not have fits or an abnormal 


_ EEG and had not had a muscle biopsy 


specimen taken. Third, there was a 
more elderly group of eight patients, 
some with fits and some with addi- 
tional parkinsonism, who presented a 
picture of a multiple- -system atrophy 
with progressive ataxia and myoclo- 
nus without dementia. Results of neu- 
ropathologic studies were normal in 
one. Some of these were similar clini- 
cally to patients with dentatorubral- 
pallidoluysian atrophy reported from 
Japan," and to others with olivoponto- 


‘cerebellar atrophy, but these diag- 


noses are impossible to make on clini- 
cal grounds. These data suggest that, 
even allowing leeway in diagnostic cri- 
teria for what are already poorly de- 
fined clinical entities (Unverricht- 
Lundborg disease and mitochondrial 
encephalopathy without histochemi- 
cal or ultrastructural evidence of mus- 
cle involvement), a clinical or biochem- 
ically supported diagnosis could not be 
made in 48% of our cases with the 
syndrome of Ramsay Hunt. 

-The discrepancies between our find- 
ings and those of Andermann and 
colleagues’ probably arises primarily 
because of differences in ascertain- 
ment. These patients were referred to 
us because of interests in myoclonus, 
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Sr 


other movement disorders, and cere-. 


bellar ataxia, as opposed to epilepsy. 
Berkovie and coworkers’ included pa- 
tients with the Ramsay Hunt syn- 
drome within the progressive myoclo- 
nus epilepsies. However, there are dif- 
ficulties in this approach. Their 
definition of progressive myoclonus 
epilepsy included the presence of ton- 
ic-clonic and myoclonic seizures and 
progressive ataxia and dementia. In 


the patients described here, tonic- ` 


clonic seizures were not a major clini- 
cal problem. Indeed, there were some 
patients who did not have seizures, 
making it difficult to designate such 
patients as having progressive myo- 
clonic epilepsy. When seizures did oc- 
cur, they tended to be infrequent and 
easily controlled with anticonvulsant 
drugs. Dementia is not a feature of the 
Ramsay Hunt syndrome. In these re- 
spects, patients with the Ramsay Hunt 
syndrome differ clinically from those 
with progressive myoclonus epilepsy. 
Accordingly, several disorders in- 
cluded in the differential diagnosis of 
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progressive myoclonic epilepsy and 
studied by the Montreal group, such 
as Lafora’s body disease and neuronal 
ceroid lipofuscinosis, do not present as 
the Ramsay Hunt syndrome. 

A further issue that needs to be ad- 
dressed is the clinical specificity of 
Unverricht-Lundborg disease.’ Pa- 
tients fulfilling the diagnostic criteria 
for this disorder are stil. often re- 
ferred to as examples of tne Ramsay 
Hunt syndrome." Althouga cognitive 
changes occur in Unverricht-Lund- 
borg disease, they are only slowly pro- 
gressive and may not be apparent dur- 
ing the first decade or so of the illness. 
The clinical and neurophysiologic fea- 
tures of this condition are not specific, 
as is illustrated by the present series. 
It is also just as dangerous a clinical 
concept as the Ramsay Hunt syndrome 
if considered as a disease diagnosed 
other than by exclusion, as cases of 
mitochondrial §encephalomyopathy 
(for example) may be clinically indis- 
tinguishable from those of Unver- 
richt-Lundborg disease. 
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-GM-1 Treatment of Alzheimer’s Disease 


A Pilot Study of Safety and Efficacy 


Thomas Ala, MD; Silvia Romero, MD; Floyd Knight, MD; Karen Feldt, RN, MSN; William H. Frey H, PhD 


@ A double-blind, placebo-controlled pi- 
lot study was conducted to evaluate the 
safety and efficacy of treatment of pa- 
tients with Alzheimer’s disease using 
monosialoganglicoside GM-1, a neuro- 
trophic factor. Of 46 patients enrolled, 42 
completed all study requirements. Nine- 
teen patients received 100 mg of GM-1 by 
dally intramuscular injection for 12 weeks. 
Twenty-three patients received placebo. 
Case evaluations were done at baseline, 
week 12, and week 24 and included both 
cognitive and psychosocial scales. Study 
results suggested that the treatment was 
safe, yet offered no overall symptomatic 
benefit to patients with mild-to-moderate 
Alzheimer’s disease. Whether or not GM-1 
therapy may offer protective benefit by 
slowing or arresting the progression of the 
disease remains unclear, since the results 
of the cognitive evaluations suggested 
that neither the GM-1 group nor the pla- 
cebo group declined significantly during 
the 24-week study. 

(Arch Neurol. 1990;47:1126-1130) 


Aizheimer’s disease (AD) is charac- 
terized by a progressive loss of 


neurons from the cortex and subcorti- ` 


cal structures. Monosialoganglioside 
GM-1 is of particular interest in the 
treatment of AD because it has phys- 
iologic properties that, in some re- 
spects, directly oppose the observed 
neuropathology of AD. Not only is 
GM-1 neurotrophic, but it is also 
neuritogenic,! indicating that it may 
have-a beneficial effect on the loss of 





been shown to increase the activity of 
choline acetyltransferase,’ prevent the 
retrograde degeneration of the nucleus 
basalis of Meynert after a cortical 
injury,’ and inhibit astrocyte pro- 
liferation? Studies have shown that 
GM-1 therapy decreases membrane 
fluidity. Thus, GM-1 therapy may also 
oppose the increased membrane fluid- 
ity that has been reported in AD. 
The neurotrophic properties of GM- 
1 suggest that treatment of patients 
with AD using GM-1 may offer a pro- 


tective effect, ie, slowing or halting the 


progression of the disease by improv- 
ing the health of affected neurons. On 
the other hand, its neuritogenic prop- 
erties suggest that treatment may of- 
fer asymptomatic effect, ie, improving 
a patient’s cognitive abilities by en- 
hancing the production of neurites 
necessary for such functions as mem- 


_ ory and learning. 


Administration of GM-1 and mix- 
tures of gangliosides has. already 
shown promise in the treatment of 
other human nervous system diseases, 
including diabetic neuropathy” and 
acute strokes.” A ganglioside mixture 
has also been reported" to have a pos- 
sible positive effect in the treatment of 
dementia. 

We have undertaken the first study 
designed to assess the safety and effi- 
cacy of exogenously administered GM- 
1 in the treatment of AD. We report 
the results of this pilot study. 





There were 18 men and 28 women. Their 
ages ranged from 51 to 84 years. Inclusion 
criteria required at least 2 years’ duration 
of symptoms, at least an eighth-grade level 
of education, no abnormalities on computed 
tomograms of the head other than cerebral 
atrophy, Mini-Mental State examination 
(MMSE) score of 18 to 28," Hachinski Is- 
chemic Score HIS) less than or equal to 4," 
Blessed Dementia Seale (BDS) score of 6 to 
19, and Hamilton Rating Seale for Depres- 
sion (HAM-D) score less than or equal to 
15.6 Patients were excluded if they had any 
current or recurring primary psychiatric 
illness other than dementia, any significant 
concurrent medical illness, any central ner- 
vous system conditions other than AD that 
are associated with impaired cognition, un- 
controlled hypertension, or insulin-depen- 
dent diabetes. Patients requiring therapy 
with psychotropic drugs or any medication 
with significart central nervous system ac- 
tivity were excluded. Each patient and a 
responsible family member gave informed 
consent after the nature of the study was 
fully explained. . 

Patients were randomized to receive ei- 
ther 100 mg oz GM-1 or saline placebo by 
daily intramuscular injection for a 12-week 
period. The dosage and treatment period 
were the maximum approved for human 
studies of GM-1 at the time. Evaluations 
were done at baseline, at 12 weeks, and at 24 
weeks (after a 12-week medication-free pe- 
riod), and included neurologic, medical, 
and psychiatric examinations, laboratory 
studies, and assessments of cognitive and 
psychosocial status. The 24-week evalua- 
tion was included to assess the possible de- 
layed effects of treatment. The laboratory 
studies consisted of complete blood cell 
count; serum chemistry battery (SMA-20), 


tive processes. A total of 10 scales were 
used. Many of the cognitive scales included 
subtests. 


Cognitive Scales 


The following cognitive scales were used: 
(1) MMSE; (2) BCRS—total score; (3) com- 
plex figure—a simplified version of the Rey 
Complex Figure Text,’ measuring visuo- 
constructional ability and -non-verbal 
memory; (4) verbal fluency—the Controlled 
Oral Word Association Test,” measuring 
language ability; (5) pegboard—the 
Grooved Pegboard Test,” measuring motor 
speed and manipulative dexterity, R/H des- 
ignating right-hand ability and L/H, left- 
hand ability; (6) letter cancellation—the 
Letter Cancellation Test,” measuring at- 
tention; (7) clock drawing—a test designed 
to measure visuoconstructional ability (a 
test. designed by Manfred Meier, PhD); (8) 
symbol-digit—the Symbol-Digit Modali- 
ties test,” measuring sensory-motor speed; 
(9) selective reminding—the Buschke Se- 
lective Reminding Test,” using lists of nine 
words to measure verbal memory; and (10) 
facial recognition—the short form of the 
Benton Facial Recognition Test,” measur- 
ing non-dominant hemisphere function. 

The psychosocial assessment consisted of 
the HAM-D, the Physical Self-Maintenance 
(PSM) and Instrumental Activities of Daily 
Living (IADL) scales,” the Brief Psychiat- 
ric Rating Scale (BPRS), and a modified 


Nurses’ Observation Seale for Inpatient ` 


Evaluation (NOSIE).” A total of 17 scales 
were used, including five BPRS subtests and 
seven NOSIE subtests. 


Psychosocial Scales 


The following psychosocial scales were 
used: (1) HAM-D; (2) PSM; (3) IADL; (4) 
BPRS-Total—total ‘score; (5) BPRS-TD— 
Thinking Disorder subtest; (6) BPRS- 
WR-—Withdrawal-Retardation subtest; (7) 
BPRS-AD—Anxious Depression subtest; 
(8) BPRS-HS—Hostile-Suspiciousness sub- 
test; (9) BPRS-A—Activation subtest; (10) 
NOSIE-Total—total score; (11) NOSIE- 
PN—Personal Neatness subtest; (12) NOS- 
IE-I—Irritability subtest; ` (13) NOSIE- 
PD—Psychotic Depression subtest; (14) 
NOSIE-SI—Social Interest subtest; (15) 
NOSIE-C—Cooperation subtest; (16) NOS- 
IE-SC—Social Competence subtest; and (17) 
NOSIE-MP—Manifest Psychosis subtest. 

Each of the psychosocial scales required 
input from ‘the caregiver. The PSM and 
IADL were administered by a nurse-clini- 
cian through an interview with the caregiv- 
er. The HAM-D and BPRS were adminis- 
tered by a psychiatrist through an inter- 
view with the patient and caregiver 
together. The NOSIE was a questionnaire 
completed by the caregiver regarding the 
patient's status. 


Statistical Analysis 


For the statistical analysis of GM-1- and 
placebo-group characteristics at baseline 
(Table 1), two-tailed Student’s t tests were 
used for continuous data and Fisher’s Exact 
Tests for categorical data. 

For the statistical analysis of the cogni- 
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- Table 1.—Patient Characteristics 


Characteristic 
Sex, M/F 


Group | 
oe Onn eee 
GM-1 (n = 21) Placebo (n = 25) 

~ 7/14 11/14 
70.2 + 8.2 71.7 + 8.1 





Duration of iliness, y + SD 


4.2 + 1.8 





Formal education, y = SD 
Ko. with family histor, of demertia 
Mini-Mental State exemination score + SD 


12.1 + 3.0 





11 





17.8 + 3.3 17.2 + 3.2 





Elessed Dementia Scale score + SD 


8.69 + 2.00 8.50 + 1.91 





Hamilton Depression Scale score + SD 


5.48 + 3.86 7.00 + 3.86 





Hachinski Ischemic Szale score + SD- 


tive and psychosocial data (Tebles 2 and 3), 


two-tailed Student’s ¢ tests were used to 
compare GM-1-grout mean scores and pla- 
cebc-group mean sccres at baseline, week 
12, and week 24 and tc.compar2 mean scores 
within each group az week 12 vs baseline 
and at week 24 vs baseline. 

Since the study employed a large number 
of diverse cognitive and psychosocial in- 
struments to assess zhe poss-ble effects of 
GM-1 treatment, it was antidpated that a 
certain number of apparently statistically 
significant findings would eccur due to 
chance alone. Additionally, no adjustment 
in the statistical ana_ysis was made for the 
multiple dependences among the data. 
There was lack of independ2nce between 
repeated comparisors (eg, comparing the 
GM-1-group mean score at >aseline with 
both the placebo-group mean score at base- 
line and the GM-I-group mean score at 
week 12), between subtests within a scale 
(eg, the seven NOS_E subtests), and be- 
tween scales (eg, the HAM-), BPRS-AD, 
and NOSIE-PD scales, each measuring de- 
pressive characteris= cies). We have chosen 
not to adjust the analysis to account for the 
multiple dependencies because of the pilot 
nature of the study. Such adjustments 
would most likely lessen or negate the dif- 
ferences reported in the results. We have, 
therefore, interpreted the resultant P val- 
ues with caution and consider them to be 
relative measures of importance rather 
than absolute indicators. ` 


` 


RESULTS 


Of 46 patients enrolled :n the study, 
21 were randomly chosen to receive 
GM-1 and 25 to receive placebo. No 
significant differences at baseline be- 
tween the two groups were noted with 
regard to sex, age. duration of illness, 
years of education, number with fam- 
ily history of dementia, or scores on 
the MMSE,. HIS, BDS, and HAM-D 
tests (Table 1). Forty-two patients 
completed all study requirements. Two 
patients dropped cut within the first 2 
weeks because of epparent allergic re- 
actions to GM-1 tlerapy (ie, the devel- 
opment of rashes). Two patients re- 
ceiving placebo dropped out within the 
first 2 weeks, one refusing the injec- 
tions and the othe- needing psychotro- 
pic medication. Mo significant alter- 





1.76 + 1.34 2.28 + 1.06 


ations in hematologic (complete blood 
cell count), serum chemistry (SMA- 
20), or urinalysis variables were noted 
during the study. Six patients receiv- 
ing GM-1 who completed the study re- 
ported the following adverse experi- 
ences during the study: two com- 
plained of local pain during injections, 
one of these also reporting pruritus 
after each injection; one had a vasova- 
gal. reaction immediately after an in- 
jection; one contracted a urinary tract 
infection; one complained of mild head 
“soreness”; and one experienced noc- 
turnal confusion during week 10, re- 
sulting in nursing home placement 
during week 13 and treatment with 
neuroleptic medication during weeks 
13 through 17. Three patients receiving 
placebo who completed the study re- 
ported adverse experiences, including 
excessive sleepiness, suspiciousness 
and restlessness, and new-onset atrial 
fibrillation. Regarding compliance, all 
patients who completed the study re- 
ceived at least 67 of the scheduled 84 
doses of medication. Study data are 
presented in Table 2 for the cognitive 
scales and Table 3 for the psychosocial 
scales. Data for a number of cognitive 
scale subtests were not included in Ta- 
ble 2 because they were redundant or 
were judged to have no clinical signif- 
icance. 


Summary of Cognitive Test Results 


Cognitive test results may be sum- 
marized as follows. 

1. No meaningful statistical differ- 
ences between the GM-1 and placebo 
groups were detected at baseline, week 
12, or week 24 (P > .05). 

2. On one of 10 cognitive scales (fa- 
cial recognition), the GM-1 group im- 
proved (P = .020) from baseline to 
week 12, and on two scales (pegboard- 
L/H and symbol-digit), the GM-1 
group worsened (P=.010 and 
P = 017, respectively) from baseline 
to week 24. No other significant 
changes were detected (P > .05) in ei- 
ther group from baseline to week 12 or 
to week 24. 
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Summary of Psychosocial Test Results 


Psychosocial test results are sum- 
marized below. 

1. With two exceptions, no statisti- 
cally significant differences between 
the GM-1 and placebo groups were de- 
tected at baseline, week 12, or week 24 
(P > .05), One exception was the GM-1 
group’s improvement relative to the 
placebo group by week 12 on the NOS- 
IE-SI scale (P = .046). The other ex- 
ception regarded a baseline mood dif- 
ference indicated by the NOSIE-PD 
scale, detailed in point 4 below. 

2. On two of 17 psychosocial scales 
(BPRS-TD and NOSIE-PN), the GM-1 
group worsened (P < .05) from base- 
line to week 12. By week 24, the GM-1 
group had worsened (P < .05) on eight 
scales (PSM, IADL, BPRS-Total, 
BPRS-TD, BPRS-WR, NOSIE-Total, 
NOSIE-PN, and NOSIE-PD) and the 
placebo group on seven scales (PSM, 
TADL, BPRS-TD, BPRS-WR, NOSIE- 
Total, NOSIE-C, and NOSIE-SC). 

3. On two scales (BPRS-AD and 
BPRS-A), the placebo group improved 
from baseline to week 24 (P < .05). No 
other significant improvements were 
detected in either group from baseline 
to week 12 or to week 24. 

4, There was an apparent mood dif- 
ference between the two groups at 
baseline, with the placebo group being 
rated slightly more depressed relative 
to the GM-1 group. All three scales 
that assessed depressive characteris- 
tics (HAM-D, BPRS-AD, and NOSIE- 
PD) supported this baseline differ- 
ence, although the difference between 
the two groups was statistically sig- 
nificant (P= .020) only with the 
NOSIE-PD seale. By weeks 12 and 24, 
- the differences between the two groups 
were no longer statistically significant 
(P > .05), with the BPRS-AD subtest 
indicating placebo group improvement 
from baseline and the NOSIE-PD 
subtest indicating GM-1 group wors- 
ening from baseline. 


COMMENT 


Since GM-1 had not been used in the 
treatment of patients with AD prior to 
this study, the assessment of safety 
was a primary objective. Although 
previous studies documenting the 
safety of GM-1 may have included 
cognitively impaired elderly patients 
incidentally, no previous study had 
targeted this type of patient as the 
primary patient population. Our re- 
sults suggest that treatment of pa- 
tients with AD using GM-1 is safe, 
_ since the reported adverse experiences 
were modest and no medical complica- 
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ae Table 2.—Cognitive Data 





` Mean + SD (n}t . 

















































































































































































































































































































































































Time, re tn, 
Test* wk GM-1 Placebo 

Mini-Mental State Baseline 17.6 + 3.3 (19) 17.5 + 3.2 (23) 
12 18.3 + 4.0 (19) 17.7 + 4.4 (23) 
24 18.5 + 4.5 (19) 17.0 + 4.9 (23) 
Brief Cognitive Rating Scaie Baseline 19.7 + 2.4 `- (19) 19.7 + 3.3 (23) 
t2 19.2 + 2.6 (19) 18.9 + 2.7 (23) 
24 20.3 + 2.9 (19) 19.6 + 3.2 (23) 
Complex figure (copy accuracy Baseline 11.6 + 7.4 (19) 10.8 + 7.2 (23) 
subtest) 12 10.6 + 6.5 (19) 10.7 + 6.9 (23) 
24 10.7 + 7.3 (19) 9.8+ 6.2 (23) 
Complex figure (immediate recall ` Baseline 3.79 + 3.10 (19) 4.89 + 4.30 (23) 
subtest) 12 3.95 + 3.58 (19) 4.54 + 3.72 (23) 
24 3.42 + 3.19 (19) 4.41 + 3.36 (23) 
Complex figure (30 minute recall Baseline 0.61 + 2.29 (19) 2.22 + 4.36 (23) 
subtest) K 12 1.21 + 1.99 (19) 2.15 + 3.99 (23). 
24 1.66 + 3.28 (19) 2.65 + 3.70 (23} 
Verbal fluency Baseline 25.6 + 11.1 (19) 25.1 + 9.6 (23) 
12 24.4 + 11.2 (19) 26.0 + 10.3 (23) 
24 22.4 + 10.0 (19) 23.6 + 9.4 (23) 
Pegboard—R/H, seconds per peg Baseline §.41 + 2.17 (16) 4.93 + 1.11 (17) 
12 §.36 + 2.10 (15) 5.04 + 1.56 (18) 
24 4.34 + 1.46 (10) 4.98 + 1.60 (15) 
Pegboard—L/H seconds per peg Baseline 5.55 + 2.03 (15) 5.33 + 1.59 (17) 
12 6.24 + 1.69 (13) 5.32 + 1.91 (17) 
24 5.26 + 1.88 {10} 5.72 + 2.70 (15) 
Letter cancellation (performance time Baseline 413 + 299 (19) 458 + 383 (23) 
subtest) secondst ` 12 453 + 390 (18) 452 + 346 (21) 
. 24 568 + 821 (18) 513 + 361 (23) 
Clock drawing (accuracy subtest) Baseline 2.79 + 0.54 (19) 2.70 + 0.63 (23) 
12 2.74 + 0.65 (19) 2.52 + 0:79 (23) 
24 2.79 + 0.63 (19) 2.65 + 0.78 (23) 
Symbol-digit (No. correct) Baseline 146+ 8.3 (14) 14.94 11.1 (19) 
12 15.8 + 6.3 (18) 13.9 + 10.8 (16) 
24 10.6 + 7.4 (13P 13.8 + 10.5 (16) 
Selective reminding (total long-term Baseline 9.58 + 8.31 (19) 7.30 + 6.96 (23) 
retrieval) 12 8.42 + 5.69 (19) 6.35 + 6.11 (23) 
24 8.95 + 6.79 (19) 9.52 + 9.40 (23) 
Selective reminding (total long-term Baseline 2.74 + 2.00 (19) 2.17 + 2.01 (23) 
storage ` 12 2.53 + 1.58. (19) 1.91 + 1.59 (23) 
i 24 2.63 + 1.57 (19) 2.52 + 2.87 (23) 
Facial recognition Baseline 16.14 3.0 (19) 17.7 + 2.9 (23) 
12 17.3429 (19) 18.0 + 2.2 (23) 
24 16.3 + 3.4 £19) 16.9 + 2.1 (28) 






* An explanation of the tests used to obtain cognitive data is provided in the “Patients and Methods" section. 

tFor patients who were unable to complete the entire task in § minutes the times were prorated. 

Statistically significant differences by ł tests as follows: a—P = .010, worsening by week 24 relative to 
baseline, considering only the 10 patients who received GM-1 from whom data could be measured at week 24 
(mean = 4.56 + 3.51 SD forn = 10 at baseline); b—P = .017, worsening by week 24 relative to baseline, 
considering only the 13 patients who received GM-1 from whom data could be measured at week 24 
(mean = 15.7 + 7.4 SD for n = 13 at baseline); c—P = .020, improvement by week 12; and for all other 


comparisons, P > .05. 


tions were observed. On the other 
hand, we caution that our treatment 
was limited arbitrarily to 12 weeks of 
daily injections of 100 mg of GM-1; 
therefore, our results should not be 
extrapolated to cover treatments with 
higher doses or longer duration. The 
argument that neurotrophic factors 
may have deleterious effects in the 
treatment of AD? was not supported 
by this study. 

Another concern regards whether or 


not the patients in this study indeed | 


had AD, since none of the patients had 
a biopsy-proven diagnosis. Based on 
recent reports”?! assessing the accu- 
racy of clinically diagnosed AD, we are 
confident that our strict inclusion and 
exclusion criteria resulted in at least 
78% of those in the study actually 
having AD. 

Even though individual cognitive 
scales suggested both a positive symp- 
tomatic effect of GM-1 therapy (facial 
recognition scale) and the lack of a 
protective effect (pegboard L/H and 
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A 


y- 


symbol-digit scales), we believe that 
these isolated changes were more re- 
lated to chance rather than to the re- 
sult of the treatment. The overall lack 
of changes as measured by the aggre- 
gate cognitive battery supports no sig- 
nificant clinical benefit, whether symp- 
tomatic or protective, at least when 
considering daily treatment with 100 
mg of GM-1 intramuscularly for a 12- 
week period. Although we suspect that 
the apparent facial recognition scale 
improvement was a chance occurrence, 
we, nevertheless, encourage further 
evaluation of GM-1 therapy to follow 
up this possible benefit. It is conceiv- 
able that a subgroup of neurons sub- 
serving the non-dominant hemisphere 
visuospatial processing required of the 
facial recognition task are particularly 
sensitive to the effects of GM-1 admin- 
istration. 

The lack of significant objective cog- 
nitive changes in the placebo group 
during the 24-week study period is of 
major importance in the analysis, for 
it suggests that a treatment period 
longer than 24 weeks would be neces- 
sary to determine if a treatment such 
as GM-1 would have a protective ef- 
fect. Even if the administration of 
GM-1 had slowed or arrested the 
chronic, progressive decline that is 
characteristic of AD, the benefit would 
not have been detectable statistically. 
We believe that a treatment period of 
at least 1 year would be necessary be- 
fore one could conclude that a treat- 
ment group was changing at a differ- 
ent rate than a placebo group. Alter- 
natively, a much larger number of 
study patients than 46 would be neces- 
sary to improve statistical accuracy; 
ideally, future studies of GM-1 therapy 
would include both more patients and 
a longer treatment period. 

The results suggest that there is a 
major difference between the cognitive 
measures and the psychosocial mea- 


` sures used in this study, since the pa- 


tients in both the GM-1 and the pla- 
cebo groups appeared to be stable over 
the 24 week-period when assessed by 
the cognitive scales, yet appeared to 
worsen when assessed by the psycho- 
social scales. Of many possible expla- 
nations, the most likely reasons could 
include the following (1) patients with 
AD at this stage of their illness dete- 
riorate more rapidly in their psycho- 
social status as opposed to their cogni- 
tive status; (2) the psychosocial scales 
are more sensitive to change than are 
the cognitive scales; (3) since all of the 
psychosocial scales relied heavily on 
the caregivers’ opinions, caregiver ex- 
pectations of study benefits may have 
significantly influenced their subjec- 
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Table 3.—Psychosocial Data 


Mean + SD 
a, 
GM-1, Placebo, 
Time, for All Tests for All Tests 
wk n= 19 n= 23 
Baseline 5.58 + 4,07 7.04 + 4.01 
12 5.79 + 4.61 6.61 + 4.19 
24 7.21 + 4.20 6.43 + 2.90 
Baseline 8.32 1.42* 8.13 + 1.63° 
12 8.16 1.80 8.09 + 1.76 
24 9.42 + 2.67° 9.22 + 2.39° 
Baseline 18.5 + 3.7° 17.1 + 3.29 
12 19.5 4.1 17.44 3.5 
24 20.6 + 4.7° 18.4 + 3.6% 
BPRS-total score : Baseline 6.42 + 3.81° 8.65 + 5.47 
12 8.74 + 7.49 8.65 + 6.32 
24 9.79 + 6.33° 9.22 + 4,00 
BPRS-TD (Thinking Baseline 3.37 + 1.95", 3.83 + 2.67" 
Disorder subtest) 12 5.11 + 3.49! 4,70 + 3.39 
24 §.84 + 2.79% §.78 + 2.04 
BPRS-WR (Withdrawal- Baseline 4.32 + 2.03! 4.61 + 2.86! 
Retardation subtest) © 12 6.37 + 4.17 5.52 + 3.19 
Í 24 6.95 + 3.46' 6.61 + 2.92 
BPRS-AD (Anxious Baseline 1.32 + 1.60 2.61 + 2.62" 
Depression subtest) 12 1.16 + 1.68 2.00 + 2.11 
24 1.63 + 1.64 1.30 + 1.40* 
BPRS-HS (Hostile- Baseline 0.84 + 1.12 1.22 + 1.73 
Suspiciousness subtest) 12 1.47 + 2.82 1.30 + 2.03 
. 24 1.37 + 2.09 
BPRS-A (Activatior: subtest) Baseline 0.68 + 1.29 
12 0.79 1.36 
24 1.16 1.86 
NOSIE-total score : Baseline 184 15° 
12 184 + 21 
24 173 + 28" 
NOSIE-PN (Personal Baseline 13.3 + 2.4°° 
Neatness subtest) 12 12.3 + 2.6° ` 
24 11.66 + 3.1° 
NOSIE-I (Irritability subtest) Baseline 6.89 + 4.56 
12 6.79 + 4.97 
24 7 8.74 + 6.75 
NOSIE-PD (Psychctic Baseline 3.16 + 1.77% 
Depression subtest) 12 4.26 + 3.26 
24 p 4.84 + 3.08 
NOSIE-Si (Social Baseline 38.7 + 8.1 
Interest subtest) 12 40.3 + 9.0° 34.5 + 9.1' 
24 37.1 + 9.4 33.0 + 11.4 
NOSIE-C (Cooperation subtest} Baseline 12.4 + 2.1 11.74 3.3 
12 13.2 + 2.3 11.6 + 3.8 
24 : 11.6 + 3.1 10.8 + 3.7' 
NOSIE-SC (Social Baseline 40.5 + 5.7 41.24 8.4" 
Competence subtest) - 12 41.4 + 5.6 41.4 + 9.0. 
24 37.5 9.1 ; 38.5 + 8.3" 
NOSIE-MP (Manifest Baseline 2.47 + 2.57 3.43 + 3.60 
Psychosis subtest) 12 3.58 + 4.34 2.43 + 2.31 
24 3.68 + 5.01 3.65 + 3.16 


* HAM-D indicates Hamilton Rat ng Scale for Depression; PSM, Physizal Self-Maintenance; IADL, Instrumen- 
tal Activities of Daily Living; BPRS. Brief Psychiatric Rating Scale; and NOSIE, Nurses' Observation Scale for 
Inpatient Evaluation. 

+Statistically significant differences by ttests as follows: a—P = .049, worsening by week 24; b—P = .032, 
worsening by week 24, c—P = .027, worsening by week 24; d—P = .012, worsening by week 24; 
e—P = .024, worsening by week 24: {—P = .046, worsening by week 12; g—P-= .0002, worsening by week 
24; h—P = .0084, worsening by ‘week 24; i—P = .0033, worsening by week 24; j—P = .016, worsening by 
week 24; k—P = .018, improvement by week 24; I—P = .036, improvement by week 24; m—P = .036, 
worsening by week 24; n—P = .031, worsening by week 24; o—P = .0095, worsening by week 12; 
p—P = .016, worsening by week 24; q——P = .020, placebo group wo-se; r-—-P = .0069, worsening by week 
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: 24; s—P = .046, placebo group worse; t—P = .026, worsening by week 24; u—P = .037, worsening by wee! 


24; and for all other comparisons P > .05. PE : 
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tive reports; (4) caregivers tended to 
underestimate the true severity of the 
patients’ psychosocial condition at the 
start of the study but became more 
aware and critical as the study pro- 
gressed; or (5) a combination of the 
preceding reasons. Although we sus- 
pect that caregiver expectations 
played a major role, the true reason for 
this difference remains unclear. We do 
not believe that differences in test 
sensitivity were a substantial factor, 
because each of the eight objective 
cognitive scales was selected with drug 
sensitivity as a criterion, and at least 
five (or variations thereof) of the eight 
specifically have been recommended as 
drug-sensitive tests by authorities on 
cognitive assessment.” Although the 
subjective psychological results of this 
study are interesting, it is our opinion 
that the lack of objective cognitive re- 
sults carries more significance in the 
. overall study analysis. 

The baseline mood difference re- 
ported in the “Summary of Psychoso- 
cial Test Results” subsection was un- 
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likely to be of clinical significance. All 
patients were examined for depression 
prior to the start of the study through 
the HAM-D scale and through an ex- 
amination by a psychiatrist, and none 
were considered depressed. It is possi- 
ble that the data represent a regres- 
sion-to-the-mean phenomenon rather 
than a true mood difference. 
‘Additional considerations regard- 
ing the evaluation of GM-1 in the 
treatment of AD should be considered. 


Although evidence exists that GM-1 is ` 


qualitatively able to cross the blood- 
brain barrier,® studies documenting 
quantitative central nervous system 
bioavailability have not yet been pub- 
lished. Furthermore, the choice of 100 
mg as the daily dose was based on the 
largest dose approved; larger or 
smaller doses may prove to have a 
beneficial symptomatic effect. For GM- 
1 to be effective for the treatment of 
AD, it may also be necessary to include 
other neurotrophic factors in the 
treatment of this disease.** For exam- 
ple, treatment with nerve growth fac- 
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tor and GM-1 simultaneously could 
prove to be advantageous, since evi- 
dence is present indicating that nerve 
growth factor acts synergistically with 
GM-1* 

From the theoretical standpoint, it 
is clear that GM-1 therapy has many 
properties that could affect the course 
of AD. Even though this study failed to 
demonstrate any overall symptomatic 
cognitive effects of the daily adminis- 
tration of 100 mg of GM-1 for 12 weeks, 
we are confident that the results of this 
pilot study will help guide the design of 
future studies of the potential thera- 
peutic effects of GM-1 in AD. 
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Valproate-Induced Coma With Ketosis 


and Carnitine Insufficiency 


William J. Triggs, MD; Timothy P. Bohan, PhD, MD; Shen-Nan Lin, PhD; L. James Willmore, MD 


@ We observed two patients who devel- 
oped coma following administration of 
valproate in dosages of 32 to 40 mg/kg 
per day. Valproate levels were within the 
therapeutic range, and results of liver 
function studies were normal. Both pa- 
tients had ketosis and adipic aciduria. 
Plasma free carnitine levels were de- 
creased during coma and after recovery. 
One patient excreted ethylmalonic acid, 
butyrylcarnitine, and giutarylcarnitine dur- 
ing and after resolution of coma, suggest- 
ing a multiple acy] coenzyme A dehydro- 
genation defect. Low serum carnitine 
levels may predispose patients to de- 
velopment of altered consciousness when 
treated with valproate. 

(Arch Neurol. 1990;47:1131-1133) 


V alproate (divalproex sodium) occa- 

sionally causes stupor or coma.’ 
The incidence of this complication in 
several clinical series ranges from 2% 
to 21%. The syndrome typically oc- 
curs several days after initiation of 


- valproate as added therapy in patients 


with poorly controlled seizures. He- 
patic dysfunction is notably absent in 
the majority of cases. Blood ammonia 
levels do not correlate with valproate- 
induced encephalopathy, since hyper- 
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ammonemia occurs in both asymptom- 
atic and encephalopathic patients.‘ Al- 
though seizures or drug interactions 
have been proposed,' the mechanism of 
valproate-induced altered conscious- 
ness is unknown. 


REPORT OF CASES 


CASE 1.—A 29-year-old woman with com- 
plex partial seizures receiving 1600 mg of 
carbamazepine daily was acmitted to the 
hospital following a prolonged seizure. She 
had a history of migraine, altered behavior, 
and severe hyperemesis gravidarum. Dex- 
trose was administered intravenously and 
valproate was added at a cosage of 2000 
mg/d (82 mg/kg). The next day she com- 
plained of nausea, began vomiting, and be- 
came confused. Her level of consciousness 
continued to deteriorate; 3 days after initi- 
ation of valproate therapy she was coma- 
tose. An arterial blood gas measurement 
with a fraction of inspired oxygen (Fio,) of 
28% revealed a pH of 7.51, a Paco, of 19 mm 
Hg, and a Pao, of 116 mm Hg. The venous 
carbon dioxide content was 15 mmol/L. The 
valproate level was 60 g/mL (therapeutic 
level, 50 to 100 g/mL), and the carba- 
mazepine level was 16.0 ug/mL (therapeu- 
tic level, 2 to 12 ng/mL). Diazepam (2 mg) 
and phenobarbital (300 mg) were adminis- 
tered intravenously, and valoroate therapy 
was discontinued. The patient remained 
comatose the following day, but painful 
stimulation caused brisk withdrawal. The 
valproate level was 33 pg/mL. An electro- 
encephalogram showed ligh-amplitude 
frontal delta and theta slcwing, without 
epileptiform activity. Carbemazepine and 
phenobarbital were given by nasogastric 
tube. The patient continued =o improve and 
was normal 2 days later. The venoustarbon 
dioxide content was 21 mmol/L. An arterial 
blood gas measurement with an Fio, of 30% 
revealed a pH of 7.48, a Pacc, of 48 mm Hg, 
and a Pao, of 101 mm Hg. Results of hepatic 
function studies remained normal. An elec- 
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troencephalogram was normal 3 days after 
discontinuing valproate therapy. 

CASE 2.—A 26-year-old woman with par- 
tial seizures treated with carbamazepine at 
400 mg/d (8 mg/kg) developed nausea, leth- 
argy, and then coma 3 days after valproate 
(2000 mg/d [40 mg/kg]) was added to her 
regimen. Szizure activity was observed 
prior to admission; diazepam (4 mg) and 
dextrose were administered intravenously. 
Examination revealed a comatose woman 
with intact drain-stem function. Urinalysis 
showed pH 3.5, 8+ glycosuria, and 1+ keto- 
nuria. The xemogram, serum chemistries, 
and hepatie function study results were 
normal. An arterial blood gas measurement 
with an Fio, of 30% revealed a pH of 7.47, a 
Paco, of 26 mm Hg, and a Pao, of 174 mm 
Hg. The serum level of valproate was 43 
ug/mL (therapeutic level, 50 to 100 ug/mL). 
The carbamazepine level was 1.4 pg/mL 
(therapeutic level, 2 to 12 pg/mL). Pheny- 
toin (1000 mg) was administered intrave- 
nously. Twelve hours after admission the 
patient was awake but confused. Valproate 
(500 mg) and carbamazepine (300 mg) were 
administered orally. Eight hours later the 
patient was again comatose and seizure ac- 
tivity was cbserved. Diazepam (8 mg) and 
phenobarbizal (120 mg) were administered 
intravenously. Coma continued the next 
day; the patient was unresponsive, with ab- 
sent corneal reflexes and decerebrate pos- 
turing. An endotracheal tube was placed, 
valproate therapy was discontinued, dex- 
trose was aiministered intravenously, and 
carbamazepine was given by nasogastric 
tube. Urinalysis again showed 1+ ketonu- 
ria. The verous carbon dioxide content was 
15 mmol/L. An arterial blood gas measure- 
ment with an Fio, of 40% revealed a pH of 
7.49, a Paco, of 25 mm Hg, and a Pao; of 188 
mm Hg. Results of hepatic function studies 
remained normal. Arterial ammonia levels 
were 58 and 32 wmol/L. An electroenceph- 
alogram showed diffuse 2- to 5-Hz delta and 
theta slowing. The patient’s neurologic ex- 
amination returned to normal over the next 
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Table 1.—Urinary Organic Acids* 


Patient 1 
A 


Organic Acids Day 1 Day 46 


Patient 2 
aAa 
Day 1 Day 38 


Normal Range 
aae 
Mean 96th % 





34.60 ND 
0.26 ND 


Acetoacetic 





3-Hydroxybutyric 


111.00 ND 
1.50 ND 


0.78 3.43 
0.025 








1.37 0.04 


2-Ethylmalonic 


0.16 ND 0.03 





Adipic 8.81 ND 





20.70 ND 0.12 





Suberic 0.16 ND 





Glutaric 0.06 3 ND 


0.83 ND 0.03 
0.10 ND 0.02 








Sebacic ND ND 


0.23 ND ND 





2-Hydroxybutyric ND 


14.50 ND 0.15 





2-Ketoglutaric 


2.16 0.44 





Lactic 


3.31 0.26 





Pyruvic 


0.27 0.22 





“All data are expressed in micromoles per milligram of creatinine. ND indicates not detected. 


Patient 1 


Patient 2 
Control 


Day 46 Day 1 Day 60 (Mean + SD) 








Plasma 
Total carnitine 


28.0 34.0 23.0 46 





Free carnitine 


22.0 17.0 19.0 





Short-chain acylcarnitine 


2.0 10.0 3.0 





Long-chain acylcarnitine 


I | I+ | | + 


4.0 7.0 1.0 





Urinary 
Total carnitine 


50.0 374.0 18.0 





Free camitine 
Acylcarnitine 


6.0 33.0 10.0 
44.0 341.0 8.0 








Acylcarnitine-free carnitine ratio 





7.3 10.3 0.8 


*Plasma data are expressed in miilimoles per microliter; urinary data are in millimoles per milligram of cre- 


atinine. 
tSee Chalmers et al. 


2 days. The venous carbon dioxide content 
was 27 mmol/L. 


MATERIALS AND METHODS 


Urine and plasma samples were obtained 
while the patients were comatose and 
within 24 hours of the last valproate dose. 
Additional urine samples were collected on 


days 2, 4, 8, and 46 from patient 1, and on - 


days 8 and 88 from patient 2. Samples were 
stored at —20°C until analysis. Urine cre- 
atinine levels were measured spectropho- 
tometrically. 

Urinary organic acids were analyzed fol- 
lowing derivatization and extraction using 
a gas chromatograph-mass spectrometer 
with an electron impact ion source (Finni- 
gan-MAT model INCOS 50 GC/MS). Or- 
ganic acid excretion was determined (in 
micromoles per milligram of creatinine) 
relative to the mean and 96th percentile es- 
tablished in our laboratory for 46 patients 
without disorders of metabolism. Plasma 
and urinary carnitine levels were deter- 
mined using the radioenzymatic method of 
Brass and Hoppel.‘ Urinary acylcarnitine 
profiles were detemined by fast atom bom- 
bardment with tandem mass spectrom- 
etry.’ 


RESULTS 


Both patients developed coma 3 days 
after initiation of treatment with val- 


1132 Arch Neurol—Vol 47, October 1990 


proate in doses of 32 to 40 mg/kg per 
day. Peak serum levels of valproate 
were 60 and 43 pg/mL, respectively. 
Screening studies for hepatic dysfunc- 
tion revealed no abnormality. Both 
patients had markedly increased ex- 
cretion of acetoacetic, adipic, and lac- 
tic acids during coma (Takle 1). Patient 
1 also had increased excretion of eth- 
ylmalonic acid that persisted beyond 8 
days after onset of coma, but returned 
to normal by day 46. Patient 2 also had 
increased excretion of the dicarboxyl- 
ics suberic acid and sebacic acid, as 
well as 2-hydroxybutyrie acid. This 
organic acid profile had normalized by 
day 8 after coma. 

Both patients had decreased free 
plasma carnitine levels during coma 
and after recovery (Table 2), and ele- 
vated urinary acylcarnitine-to-free 
carnitine ratios during coma (Table 2). 
After recovery, the urinary acylear- 
nitine-to-free carnitine ratio re- 
mained elevated in patient 1, and re- 
turned to normal in patient 2. 

The urinary acylearnitine profile 
during coma in patient 1 showed ex- 
cretion of C, and C, dicarboxylic acyl- 
carnitines as well as butyrylearnitine 


and glutary_carnitine. After discon- 
tinuation of valproate therapy, excre- 
tion of dicarboxylic acylearnitines de- 
clined and was no longer present by 
day 8, while excretion of butyrylear- 
nitine and glitarylearnitine persisted. 
Patient 1’s acylearnitine profile con- 
tained only ecetylearnitine by day 46. 
The acylcarnitine profile during coma 
in patient 2 showed excretion of C,, Cs, 
C,, and C; dicarboxylic acylcarnitines; 
following recovery the profile showed 
only acetylearnitine. 


COMMENT 


Massive valproate overdose has 
caused coma with ketosis and adipic 
aciduria.? However, therapeutic doses 
of valproate given to our patients 
caused coma with urinary excretion of 
ketones and lactic and adipic acids. 
Adipic acid is a C, dicarboxylic acid 
produced through the w oxidation of 


hexanoyl-coenzyme A (CoA). Dicar- - 


boxylic aciduria’ is observed in pa- 
tients with cernitine deficiency, inher- 
ited disorders of metabolism such as 
multiple acyl-CoA dehydrogenation 
defect, and acquired 8 oxidation im- 
pairments such as Jamaican vomiting 
sickness and valproate adminis- 
tration." Ketosis is accordingly lim- 
ited or absent in these conditions.'*!? 
Although dicarboxylic aciduria is ob- 
served during ketosis,” with w oxida- 
tion followed by £ oxidation of long- 
chain fatty acids, we observed a 
greater ratio of adipic acid to ketones 
than previously reported. 

Both patierts had decreased plasma 
free carnitine levels during valproate 
therapy and efter recovery from coma 
(Table 2). Carnitine facilitates the 
transport of long-chain fatty acids 
across the inner mitochondrial mem- 
brane for f oxidation. Patients with a 
deficiency of carnitine’®'** have im- 
paired ketogenesis and enhanced w ox- 
idation and may develop episodic he- 
patocerebral dysfunction reminiscent 
of Reye’s syndrome. The lack of prior 
occurrence of encephalopathy in our 
patients suggests that low plasma car- 
nitine levels were well tolerated prior 
to valproate therapy. Further, the 
marked ketosis we observed during 
coma distinguishes our cases from pre- 
viously reported cases of carnitine de- 
ficiency. Valproate decreases plasma 
carnitine levels% and increases uri- 
nary excretion of acetylcarnitine and 
valproylearnitine.!” Since decreased 
serum carnitine has been associated 
with a valproate-induced Reye-like 
syndrome," a preexisting deficiency of 
plasma carnizine may have predis- 
posed our pazients to develop coma 
following valproate administration. 
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Patients with organic acidurias 
have decreased plasma carnitine levels 
and urinary excretion of acylear- 
nitines corresponding to the acyl-CoA 
esters known to accumulate in these 
diseases.” A normal acylearnitine 
profile shows excretion of acetylcar- 
nitine; the detection of any acylear- 
nitine species relative to acetylear- 
nitine is considered significant.” 
Since patients with multiple acyl-CoA 
dehydrogenation defect may excrete 
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butyrylearnitine and _ glutarylear- 
nitine,’ we wonder if valproate may 
have uncovered a subtle acyl-CoA de- 
hydrogenation abnormality in patient 
1. The prolonged ethylmalonic acid- 
uria observed in patient 1 is consistent 
with this interpretation.” Although 
speculative, such a defect could ac- 
count for plasma carnitine deficiency. 
The cause of decreased plasma car- 
nitine in patient 2 is unclear. Although 
the idiosyncratic induction of coma 
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Episodic Hyperammonemia in Adult Siblings 
With Hyperornithinemia, Hyperammonemia, 
and Homocitrullinuria Syndrome 


Mendel Tuchman, MD; David S. Knopman, MD; Vivian E. Shih, MD 


è A39-year-old man and his 42-year-old 
sister, both vegetarians, had episodic con- 
fusion for many years, but their mental 
function was normal between those epi- 
sodes. They were recently diagnosed with 
hyperornithinemia, hyperammonemia, and 
homocitrullinuria syndrome. Hyperam- 
monemia was documented during an epi- 
sode of confusion in the male sibling but 
not in his sister. Both had elevated plasma 
ornithine, glutamine, and alanine levels 
` and persistently low plasma lysine levels. 
Homocitrulline was present in their urine, 
and orotic aciduria and orotidinuria devel- 
oped in the male sibling following inges- 
tion of allopurinol. Studies on their cul- 
tured skin fibroblasts showed deficient 
metabolism of ornithine, indicating a de- 
fect in ornithine transport across the mito- 
chondrial membrane. During therapy with 
citrulline and phenylbutyrate sodium, 
plasma ornithine levels increased in both 
patients, while plasma levels of glutamine 
and alanine decreased to normal. Since 
therapy started, their clinical conditions 
have also improved, and no recurrent neu- 
rologic dysfunction has occurred during a 
follow-up period of 20 months. 

(Arch Neurol. 1990;47: 1134-1137) 


atients with inherited defects in 

ammonia detoxification caused by 
disorders of the urea cycle generally 
present in infancy with severe hyper- 
ammonemia and central nervous sys- 
tem dysfunction.' However, partial de- 
ficiencies of the cycle enzymes or re- 


lated disorders caused by transport ` 


defects of dibasic amino acids may 


cause a milder clinical disease and may . 


not be recognized or correctly diag- 
nosed for many years. For example, 
females heterozygous for ornithine 
transcarbamoylase (OTC) deficiency 
may present with recurrent vomiting 
and unusual neurologic and behavioral 
manifestations. A 29-year-old man 
with partial OTC deficiency presenting 
with recurrent episodes of vomiting, 
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headaches, and bizarre behavior has 
been described.? Another patient, with 
partial deficiency of carbamoyl phos- 
phate synthetase activity, presented 
with “Reye-like disease.” The correct 
diagnosis in such “milder” cases of 
hyperammonemia may not be estab- 
lished unless plasma ammonia, plasma 
amino acid, and urinary orotic acid 
levels are determined. 

We now describe another defect in 
urea metabolism that allowed survival 
into adulthood and produced only epi- 
sodic symptoms. i 


A 39-year-old man and his 42-year- 


old female sibling, who beth had epi- 
sodic neurologic and psychiatric dis- 
turbances, as well as protein intoler- 
ance for many years, are described. 
However, their inherited metabolic 
disorder was initially unrecognized, 
and the correct diagnosis was delayed 
for years. They were recently diag- 
nosed as having the hyperornithine- 
mia, hyperammonemia, and homo- 
citrullinuria (HHH) syndrome, which 
is caused by a defect in mitochondrial 
membrane transport of ornithine. 


REPORT OF CASES 


Case 1.—The propositus, a 39-year-old 
man, had been very irritable as an infant, 
according to his mother’s recollection. At 
that time, he had insomnia for several con- 
secutive days. The patient also had severe 
learning disabilities at school, and he de- 
scribed episodes during his school years 
when he “could not see the blackboard.” His 
speech was dysarthric and poorly under- 
stood. He claims that then, as well as now, 
he needed to visualize a word before he 
could express it. His mother observed that 
he performed poorly on a diet of foods with 
a high-protein content and, therefore, re- 
stricted his protein intake. Subsequently, 
he became a vegetarian, of his own volition. 
His protein intake at diagnosis was about 
0.5 g/kg per day. He was able to graduate 
from high school with special help. He 
attended a vocational technical school and 
subsequently obtained a job. He married 
and has two healthy children. Family his- 
tory revealed that he has a sister with sim- 
ilar symptomatology, and that his deceased 
father also had episodic behavioral 
changes. 

At the age of 29 years, he was admitted to 
a hospital because of blurred vision, confu- 
sion, and ataxia. His plasma ammonia level 
was 318 pmol/L (normal, <50 mol/L). He 
had a mildly elevated serum glutamate ox- 
aloacetate transferase activity and coagu- 


lopathy, with an elevated prothrombin time . 


of 14 seconds (normal time, 11 seconds). 
Plasma amino acid analysis showed an ele- 
vated ornithine level (310 pmol/L [normal, 
19 to 95 zmol/L)), elevated glutamine level 
(1370 umol/L [normal, 120 to 512 umol/L)), 
and elevated alanine level (620 pmol/L 
[normal, 261 to 542 zmol/L)). Plasma level 
of lysine was low (54 zmol/L[normal, 149 to 


252 umol/L)). Lavels of arginine and citrul- 


line were normal. Urinary excretion of the 
dibasic aminoacids, ornithine, arginine, 
and lysine, was normal. His workup in- 
cluded a computed tomographic scan of the 
head, which was ncrmal; an electroenceph- 
alogram, which showed diffuse irregular 
slow activity; a chclecystogram, which re- 
vealed two radiclucent stones; and a liver 


biopsy, the specimen showing normal liver ` 


structure. Examination of cerebrospinal 
fluid, a heavy-metal sereen, and the thyroid 
studies all showed normal results or find- 
ings. Radiographic examination of his 
bones showed diffuse demineralization. His 


` symptoms resolved during 1 day of intrave- 


nous glucose administration and no intake 
of food orally. At the age of 35 years, he was 
admitted again to the hospital because of 
confusion and disorientation following an 
“influenza”-like illness. His plasma ammo- 
nia level was reported as “elevated” and 
plasma amino acid analysis showed a pat- 
tern similar to the previous admission: or- 
nithine, 363 umol/L; glutamine, 1365 umol/ 
L; alanine, 661 umol/L,; and lysine, 46 wumol/ 
L. Arginine and citrulline levels were 
normal. At the age of 39 years, after fishing 
on a hot day, he was admitted to the hospi- 


tal for the third time because of disorienta- - 


tion, incoherent speech, blurred vision, and 
ataxia. The plasma ammonia level was 
again elevated (135 pmol/L), as were the 
plasma ornithine (341 nmol/L), glutamine 
(1643 nmol/L), and alanine (760 pmol/L) 
levels. The patient’s plasma lysine level was 
again lower than normal (59 pmol/L). His 
urine orotic acid level was elevated on only 
one occasion and was normal in several 
other determinations. Large amounts of 
homocitrulline were found in the urine. The 
diagnosis of HHH was entertained. Mag- 
netic resonance imaging of the brain was 
normal. Radiographic examination of his 
bones revealed marked demineralization 
‘and compression of one thoracic vertebra. 
As before, his symptoms resolved rapidly 
after intravenous administration of glu- 
cose. Six months later, after he had been 
treated, psychometric testing was per- 
formed. Tested on the Wechsler Adult. In- 
telligence Scales, he had a Verbal IQ of 101 


and a Performance IQ of 110. He had a test - 


age of 16 years on the Porteus Maze Test,’ 
On the Trailmaking Test, he performed 
part A in 45 seconds (zara errors) and part 
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Fig 1.—Fasting plasma ornithine (left), glutamine (center), and lysine (right) levels at different times in both siblings before 
and during therapy. The upper limit of normai (3 SDs above the mean) for adults in the laboratory performing the analyses 
was 95 pmol/L for ornithine and 863 mol/L for glutamine. The lower limit of normal (3 SDs below th2 mean) for lysine was 


149 pmol/L. 


B in 102 seconds (one error), which is 
approximately the 20th percentile of nor- 
mal performance.’ On the 15-word Rey Au- 
ditory- Verbal Learning Test, he recalled 13 
words on the fifth trial, 10 words after 
interference, and 7 words after 60 minutes. 

Case 2.—The female sibling of the pa- 
tient described above was examined after 
her brother was diagnosed. She is also a 
strict vegetarian as foods with a high-pro- 
tein content made her feel agitated and 
nervous. She was consuming about 0.3 g/kg 
per day of protein at the time of diagnosis. 
She reported multiple episodes of “feeling 


strange,” “blacking out,” anxiety, and rest- ` 


lessness. She required treatment because of 
psychiatric disorders and’ had problems 
keeping a job because of her episodes of 
anxiety. Her plasma ammonia level had 
never been measured before. At the time of 
her visit to the clinic, the plasma ammonia 
level was normal (25 pmol/L). Plasma 
amino acid analysis revealed the following 
values: ornithine, 263 mol/L (higher than 
normal); glutamine, 1650 zmol/L; alanine, 
700 wmol/L; and lysine, 35 pmol/L (lower 
than normal). Her urine sample contained 
abnormally high levels of homocitrulline 
and normal levels of orotic acid. 

Both patients were treated with a pro- 
tein-intake-restriction diet containing 
about 0.5 g/kg per day of high-biological- 
value protein. Their diets were supple- 
mented with free-base citrulline (4 g/d) and 
phenylbutyrate sodium (10 g/d, in four 
equally divided doses). 


MATERIALS AND METHODS 


Plasma and urine levels of amino acids 
were determined by ion-exchange chroma- 
tography, using an automatic amino acid 
analyzer (Beckman Instruments, Fullerton, 
Calif). Urinary orotic acid and orotidine 
were determined by a reverse-phase high- 
performance liquid chromatographic appa- 
ratus equipped with a  diode-array 
detector.‘ The propositus had an allopurinol 
challenge test (800 mg)” Before and after 
ingestion of the drug, urine was collected 
for 24 hours in separate 6-hour collections. 
Aliquots of all urine collections were then 
analyzed for orotic acid and orotidine, and 
the results were adjusted to the urinary 
creatinine level. His sister refused to take 
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Fig 2.—Urinary excretion o`% orotidine and orotic acid by the male sibling before and following in- 
gestion of 300 mg of allopurinol. The expected maximal excretion of orotidine and orotic acid in 
normal individuals following the ingestion of allopurinol is 7 and 15.4 mmol per mole of creatinine, 


respectively.” 


the test. A fibroblast culture was estab- 
lished from skin biopsy specimens of both 
patients, and the cultured cells were ana- 
lyzed for incorporation cf radioactivity of 
L-ornithine "C (uniformly labeled [ul]) and 
tritiated L-3,4,5,-N-leucine into acid-pre- 
cipitable material, as deszribed previously’ 
RESULTS 


Fasting plasma crnithine levels 
were elevated to above-normal values 
in both siblings, but higher levels were 
seen consistently in tne brother. Dur- 
ing citrulline therapy (4 g/d), plasma 
ornithine levels increased further, as 
expected (Fig 1). Figure 1 also illus- 


trates fasting plasma glutamine and 


lysine levels in both siblings before 
and during therapy. Plasma glutamine 
levels were abnormally elevated before 
therapy started and decreased to nor- 
mal following therapy with phenylbu- 
tyrate and citrulline. Plasma lysine 
levels remained low before and after 
therapy. The allopurinol challenge test 
showec abnormal results in the male 
sibling, as illustrated in Fig 2. Marked 
elevations in excretory orotic acid and 
orotidine were detected in urine sam- 
ples following ingestion of allopurinol. 

When fibroblasts from the two pa- 
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ine triphosphate. 


incorporation of the Carbon 14 Label 
of Ornithine and the Tritium Label of 
Leucine Into Acid-Precipitable 
Material * 


Carbon 14/ 
Tritium, 
Subject cpm 


First Experiment 
112/3338 9.033 
1456/2627 0.554 
Second Experiment 
13173157 0.041 
182/5841, 0.031 
4382/6920 0.633 
4945/6354 0.778 
are 0.608 + 0.104 
(mean + SD) 


Ratio 





Brother 
Control 


Brother 
Sister 
Control 
Control 
Normal 

controls 

(N = 8) 

*The radioactive labels were incorporated into 
cultured fibroblasts obtained from the patients and 
control subjects. 





tients were incubated with L-ornithine 
4C (uniformly labeled [ul]) and triti- 
ated L-3,4,5,-N-leucine, the ratio of the 
carbon 14 label to the tritium label in- 
corporated into acid-precipitable ma- 
terial was markedly reduced in the fi- 
broblasts of both siblings, compared 
with normal control subjects (Table). 


COMMENT 


The traditional differential diagno- ' 


sis for episodic alteration of level of 
consciousness in adults includes sei- 
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zures, syncope, transient ischemic at- 
tacks, and hypoglycemia. These pa- 
tients demonstrate that hyperam- 
monemia should be included in the 
differential diagnosis as well. The clin- 
ical presentation of patients with hy- 
perammonemia not caused by gener- 
alized liver diseasé is not specific, apart 


from a history of precipitating events ` 


such as high protein intake, viral ill- 
ness, or dehydration. Since, as seen in 
the female sibling, plasma ammonia 
levels may be normal between attacks, 
especially for patients on a protein-re- 
stricted diet, plasma amino acid anal- 
ysis could be helpful in detecting defi- 
cient ammonium disposal in such con- 
ditions. Plasma levels of glutamine 
and other urea cycle intermediates, 
such as citrulline and ornithine, that 
are higher than normal may indicate 
defective urea cycle function. The as- 
sociation of persistent hyperorni- 
thinemia, episodic hyperammonemia, 
and homocitrullinuria in our patients 
suggested the diagnosis of HHH syn- 
drome. The HHH syndrome was first 
described by Shih et al? in a 16-month- 
old child with seizures and mental re- 
tardation. Since the first case report, 
21 patients with this disorder have 
been described, including 6 in one 
family.’*”° The severity of the disorder 
has been variable, ranging from nor- 


mal development to severe mental re- 
tardation and seizures. Common clini- 
cal features in all patients were the 
aversion to foods high in protein and 
self-initiated protein-intake restric- 
tion. This may explain the milder dis- 
ease and relatively late diagnosis in 
some patients. The two siblings de- 
scribed here, especially the sister, have 
had milder clinical manifestations 
compared with the other patients de- 
scribed. Their milder disease may have 
contributed to the delayed diagnosis. 
The patients described in this article 
are probably the two oldest individuals 
with HHH to be identified." 

In our patients, the hyperammone- 
mic attacks during adulthood were 
rather infrequent. We have never de- 
tected an elevated blood ammonia 
level in the female sibling, although 


protein loading was not attempted.. 


Analysis of the plasma amino acids, 
however, revealed high levels of glu- 
tamine and alanine, indicating defi- 
cient ammonia disposal. The HHH 
syndrome is caused by deficient trans- 
port of ornithine into the mitochon- 
dria, causing decreased availability of 
ornithine substrate for the OTC en- 


ae 


zyme with secordary block of OTC w 


function. Ornithine is not a con- - 


stituent of proteins and, therefore, ex- 
ists only as a free amino acid. The ma- 
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jor catabolic pathway of ornithine is 
through transamination by the mito- 
chondrial enzyme ornithine transami- 
nase with subsequent conversion to 
glutamate or proline (Fig 3). Ornithine 
is transported into the mitochondria 
by an energy-dependent mechanism. It 
may enter the urea cycle, where it is 
converted to citrulline that diffuses 
back into the cytosol (Fig 3). 

Mild variants of enzyme defects in 
the urea cycle, such as partial OTC de- 
ficiency in males or female heterozy- 
gotes for OTC deficiency, may have 
clinical presentations similar to those 
of our patients. Patients with lysinuric 
protein intolerance who have a trans- 
port defect of dibasic amino acids also 
may have a similar clinical picture. 
However, in distinction to the HHH 
syndrome, OTC deficiency or lysinuric 
protein intolerance is usually not as- 
sociated with hyperornithinemia. The 
two patients described in this article 
did not have hyperdibasic amino acid- 
uria (increased urinary excretion of 
lysine, arginine, and ornithine) char- 
acteristic of patients with lysinuric 
protein intolerance. The hyperorni- 
thinemia described in association with 
gyrate atrophy of the retina and defi- 
cient ornithine aminotransferase ac- 
tivity is not associated with hyper- 
ammonemia.”) Moreover, our patients 
who had hyperornithinemia did not 
have the retinal degeneration seen in 
gyrate atrophy. We believe, therefore, 
that our patients have a defect in mi- 
tochondrial transport of ornithine 
based on their biochemical phenotype 
and the studies of their cultured skin 
fibroblasts. : 

Radioactive ornithine has to be 
transported into the mitochondria and 
then metabolized to other amino acids 
before its radioactive label can be in- 
corporated into proteins. The mark- 
edly low amount of ornithine label in- 
corporated by the fibroblasts of the 
patients indicated a defect in ornithine 
transport into the mitochondria or in 
ornithine metabolism within the cell. 
This latter possibility is unlikely due 
to the presence of hyperammonemia 
and homocitrullinuria, which is not 
seen in patients with other defects in 
ornithine catabolism. This explana- 
tion is supported by the appearance of 
orotidinuria and orotic aciduria in one 
of the patients following allopurinol 
challenge. Allopurinol inhibits the 
conversion of orotic acid and orotidine 
monophosphate to uridine monophos- 
phate and would enhance the orotidi- 
nuria and orotic aciduria in individu- 
als with increased production of orotic 
acid, as seen in patients with OTC de- 
ficiency. The plasma levels of glu- 
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tamine and alanine returned to normal 
following therapy with citrulline and 
phenylbutyrate. Citrulline was given 
in an attempt to increase further cyto- 
plasmic ornithine concentration and 
increase its gradient across the mito- 


chondrial membrane. Although con- 


troversial,. this approach is believed 
to help reduce accumulation of ammo- 
nia. Phenylbutyrate is metab- 
olized to phenylacetate that subse- 
quently reacts enzymatically with 
glutamine in the liver to form phenyl- 
acetylglutamine, which is eliminated 
in the urine, disposing two amino ni- 
trogen groups for each molecule of 
phenylbutyrate ingested.” The pa- 
tients described herein benefited from 
the therapy. Evidence for this was 
their statement that they felt better 
during therapy, that hyperammone- 
mia did not recur, and that there was 
a marked decrease in plasma glu- 
tamine levels, which persisted during a 
follow-up period of 20 months. The ex- 
cretion of homocitrulline in the urine 
of these patients is poorly understood 
and may be responsible, in part, for the 
low levels of plasma lysine. Homo- 
citrulline is formed from the conden- 
sation of carbamoyl phosphate and 
lysine, which may be catalyzed by OTC 
or another undefined enzyme.” Alter- 
natively, the low plasma lysine levels, 
both before and during therapy, may 
have been due to low protein intake. 

-This report emphasizes the impor- 
tance of an evaluation to rule out 
defects of ureagenesis in adults with 
attacks of confusion. This evaluation 
should include the determination of 
plasma ammonia, plasma amino acids, 
urinary amino acids, and urinary 
orotic acid levels. The importance of 
obtaining a detailed family history in 
the evaluation of such patients cannot 
be overstated. 
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Controversies in Neurology 


Low-Grade Gliomas: To Treat or Not to Treat? 


A Radiation Oncologist’s Viewpoint 


Edward G. Shaw, MD 


o make a rational decision regard- 

ing the proper course of treatment 
for an adult with a supratentorial 
low-grade glioma, the physician must 
understand the pathology, natural his- 
tory, and modern treatment options. 
In this regard, three commonly held 
beliefs may lead to the policy of routine 
observation,’ which may be inappro- 
priate. 

The first commonly held belief is 
that low-grade gliomas are a homoge- 
neous group of neoplasms. In fact, they 
are not. Recent studies have divided 
the low-grade gliomas into two dis- 
tinct groups, the pilocytic astrocyto- 
mas and the ordinary astrocytomas 
(including oligoastrocytomas and oli- 
godendrogliomas). Patients with pilo- 
cytic astrocytomas enjoy 10-year sur- 
vivals of 80% or more following com- 
plete or even incomplete excision.” On 
the other hand, ordinary astrocytomas 

. are associated with 10-year survivals 
of 20%. ; 

This dismal prognosis challenges 
the second commonly held belief, 
which is that low-grade gliomas are 
benign* or indolent.’ In an earlier 
study from my institution, which rep- 
resents the largest low-grade glioma 
series in medical literature, the 15- 
year survival of 461 patients with a 
median age in their fourth decade of 
life was only 15%, significantly less 
than an age-matched expected surviv- 
al” Recent studies correlating the ra- 
diographic appearance of gliomas with 





Accepted for publication February 28, 1990. 

From the Division of Radiation Oncology, Mayo 
Clinic, Rochester, Minn. 

Reprint requests to Division of Radiation On- 
cology, Mayo Clinic, Rochester, MN 55905 (Dr 
Shaw). 


4138 Arch Neurol—Vol 47, October 1990 


their histologic makeup?’ have identi- 
fied the reason for the dichotomy in 
survival outcome between the two 
groups. l 

The favorable pilocytic astrocyto- 
mas are well circumscribed, noninfil- 
trative tumors amenable to cure with 
complete excision,”* even in relatively 
inaccessible locations such as the thal- 
amus or basal ganglia.” Unfavorable 
ordinary astrocytomas are poorly de- 


. fined, infiltrative, and incurable with 


even complete excision, as evidenced 
by the 11% 10-year survival in surgi- 
cally treated patients in a recent 
series.” The first treatment decision. in 
the young patient with a seizure disor- 
der, ie, to observe or perform biopsy, 
should be obvious and in favor of 


_ biopsy, with subsequent surgical and/ 


or radiotherapeutic treatment being 
guided by the histologic findings. 

The final commonly held belief re- 
lates to the perceived ineffectiveness 
and toxic effects associated with ex- 
ternal-beam radiotherapy. To the con- 
trary, the only therapy that has any 
suggestion of survival benefit for pa- 
tients with unfavorable low-grade 
gliomas is radiotherapy. The 10-year 
survival with doses of 53 Gy or more 
given postoperatively was 40% in a re- 
cent series,? with similar survival re- 
ported in other modern radiotherapy 
series.!'2 The concerns for delayed ra- 
diation sequelae, such as necrosis, de- 
mentia, cognitive dysfunction, and sec- 
ond neoplasms, are legitimate but 
overemphasized. These complications, 
which depend on total dose, dose per 
fraction, and field size, should be un- 


“common, provided modern radiother- 


apeutic treatment principles are fol- 
lowed. These include the use of limited 


fields (tumor plus edema plus a 1- to 2- 
cm margin baséd on computed tomo- 
graphic- or magnetic resonance imag- 
ing-based treetment planning), daily 
doses of 1.8 to 2 Gy, and total doses of 
50 to 65 Gy. In yet another recent series 
from my institution, the incidence of 
necrosis for a group of 49 irradiated 
patients with low-grade glioma was 
only 2% .3 Furthermore, in that series, 
an extensive literature review of 
nearly 600 irradiated patients failed to 
identify a single case of radiation- 
induced neoplasm. 
The major issue for the patient with 
an unfavorable low-grade glioma is 
not whether to irradiate, but rather 
how much radiation to give. Since 1986, 
the North, Central Cancer Treatment 
Group and Mayo Clinie, Rochester, 
Minn, have been entering adult pa- 
tients into a prospective study ran- 
domizing between low-dose, limited- 
volume radiation using 50.4 Gy in 28 
fractions, and high-dose radiation 
with 64.8 Gy in 36 fractions. Over 50 
patients have been entered to date,a ` 
subset of whom have undergone pre- ` 
radiation neuropsychometric evalua- 
tion, which will be repeated periodi- 
cally after treatment. Given the avail- 
able modern evidence, it seems 
unlikely that a randomized study with 
an observation (cr so-called delayed- 
treatment) arm will be accepted by ei- 
ther the physician or the patient. 
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Low-Grade Gliomas: To Treat or Not to Treat? 


A Reply 


J. Gregory Cairncross, MD, Normand J. Laperriere, MD 


e thank Dr Shaw for his reply to 

our “controversial consensus.”? 
He cautions that diffuse (ie, nonpilo- 
cytic) low-grade glioma of the cerebral 
hemispheres is a serious progressive 
illness, indolent compared with glio- 
blastoma multiforme, but hardly triv- 
ial. Backed by data from the Mayo 
Clinic and elsewhere, he argues that 
early accurate diagnosis followed by 
careful limited-field radiotherapy is 
the best treatment for these tumors. 
He acknowledges the potential for de- 
layed toxicity due to treatment but 
states that the side effects of modern 
radiotherapy are overemphasized. He 
concludes that radiotherapy is unques- 
tionably of benefit and identifies radi- 
ation dose as the critical issue in the 
modern treatment of low-grade glioma 
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of the cerebral hemispheres. 

Shaw et al? have demonstrated in a 
careful retrospective analysis that 
postoperative radiotherapy signifi- 
cantly prolongs the survival of pa- 
tients with supratentorial low-grade 
nonpilocytic astrocytoma (including 
oligoastrocytoma). Patients were as- 
certained by reviewing the Tissue Reg- 
istry at the Mayo Clinic. Patients with 
suspected low-grade glioma who, for 
whatever reason, did not heve a surgi- 
cal procedure for diagnosis were not 
identified and considered ir this anal- 
ysis. Patients in whom tissie was un- 
available for review or inacequate for 
diagnosis were excluded. Petients who 
died within 1 month of surgery or were 
unavailable for follow-up were also 
excluded. One hundred seven patients 
were irradiated; 19 were not. The au- 
thors did not state to what degree the 
irradiated and nonirradiated patients 
were comparable and did not discuss 
which factors influenced treatment se- 
lection. The complications of surgery 
and radiotherapy were not discussed. 
Exclusions, incomplete follow-up, and 
major discrepancies in treatment as- 
signment are minor critic:sms of an 
exploratory retrospective study but 
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are potentially serious criticisms of a 
study that purports to be definitive. 
Since we recommend radiotherapy 
for some patients and agree with Dr 
Shaw that the only data on the “treat- 
ment-no treatment” question support 
the use of radiotherapy, why do we 
hesitate to endorse early aggressive 
treatment (ie, surgery and radiother- 
apy) for all patients with suspected or 


. proved low-grade glioma? First, nei- 


ther surgery nor radiotherapy is with- 
out risk. We hesitate to recommend 
surgery (ie, biopsy or partial resection) 
for some patients with small tumors in 
eloquent areas of brain (ie, speech, 
motor, or sensory areas), especially 
when they have few symptoms, and Dr 
Shaw’s reassurances notwithstanding, 
focal radiotherapy for large tumors 
inevitably means treatment of large 
volumes of brain and will impair in- 
tellect in some patients. Second, we . 
question whether the natural history 
of low-grade glioma, as published, is 
based on a representative cross section 
of patients with these tumors. We sus- 
pect patients with more indolent tu- 
mors and those with tumors amenable 
to major resection are treated expect- 
antly by the diagnosing physician or 
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surgeon and are not routinely referred 
to brain tumor centers. These patients 
with a better prognosis are “hidden” 
from the oncologist. They may be un- 
derrepresented in descriptions of the 
natural history of these tumors by 
clinical investigators at special refer- 
ral centers. 

-Retrospective studies are vulnerable 
to bias, as are some prospective ones? 
Perhaps biased ascertainment of 
cases, or biased selection of treatment, 
has not influenced the results of the 
studies from which Dr Shaw draws his 


conclusions. Radiotherapy may indeed 
be good treatment for low-grade glio- 
ma. However, we believe that the next 
step in its evaluation is a prospective 
controlled clinical trial that assesses 
the pros and cons of several treatment 
options, including conservative ones 
such as delayed radiotherapy. These 
studies can be done provided those of 
us in a position to diagnose these 
tumors refer to study centers all pa- 
tients with suspected or proved low- 
grade glioma and are careful not to 
bias patients against participation by 


Low-Grade Gliomas: To Treat or 
Not to Treat? A Consensus Challenged 


When I first invited a controversy on 
the management of low-grade 
glioma, I had difficulty finding two 
contributors who would argue con- 
trary views. The two individuals who 
finally agreed to address the issue dis- 
_eussed it with each other and coau- 
thored a consensus. 
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Declaring a consensus invites its 
overthrow. Although Shaw’s argu- 
ments do not rebut the position argued 
and reaffirmed by Cairncross and La- 
perriere, his arguments do provide a 
rationale for a more aggressive ap- 
proach. 

Where there is uncertainty about 


disclosing our personal biases or by 
implying that these questions are un- 
important or already answered. 
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the outcome, controlled studies are 


. justified. Probably all contributors 


would agree on the need to test their 
respective approaches prospectively. 
In this we may have reached yet an- 
other consensus, subject to further 
controversy.— VLADIMIR HACHINSKI, 
MD, DSc (MED) 
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Observations 


Congenital Myopathy and Cardiomyopathy With 
Identical Ultrastructural Changes 


Daron G. Davis, MD; Kevin R. Nelson, MD; William R. Markesbery, MD 


è A 7-day-old girl with congenital hypo- 
tonia and unexplained episodes of brady- 
cardia had a broad spectrum of similar 
skeletal muscle and myocardial degener- 
ative ultrastructural abnormalities. Ultra- 
structural studies showed obliteration of 
cross striations, myofilament disorganiza- 
tion, streaming, smearing, clumping, and 
zigzag Z-band deformities. A decrease in 
glycogen, mitochondria, and T-tubular 
system occurred in the regions showing 
Z-band abnormalities of both skeletal mus- 
cle and myocardium. Concurrent struc- 
tural cardiomyopathy should be consid- 
ered in patients with congenital myopa- 
thies, particularly with unexplained 
cardiac conduction abnormalities or con- 
tractile insufficiency. Ultrastructural eval- 
uation of skeletal and cardiac muscle may 
be necessary to define such disorders. 

(Arch Neurol. 1990;47:1141-1144) 


A number of enzymatic deficiency 

states (and other myopathies'’’) 
have been described in which patho- 
logical alterations are present in both 
skeletal and cardiac muscle. The oc- 
currence of a congenital myopathy as- 
sociated with a congenital cardiac my- 
ofiber abnormality is rare. This article 
describes a neonate with a broad spec- 
trum of degenerative sarcomeric alter- 
ations occurring concurrently in skel- 
etal muscle and myocardium. 
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REPORT OF A CASE 


A 2950-g female term infant was born to 
a 16-year-old gravida 1 para 1 woman by 
cesarean section because of breech presen- 
tation. The pregnancy was complicated 
by lack of prenatal care until 26 weeks’ 
gestation. No fetal movement was noted 
throughout pregnancy. There was no his- 
tory of maternal substance abuse, consan- 
guinity, or family history of neuromuscular 
disease. The Apgar scores were 7 at 1 
minute and 8 at 5 minutes. Severe hypoto- 
nia and reduced muscle mass were recog- 
nized at birth. There were scant voluntary 
movement and mild flexion contractures at 
the knees. Deep tendon reflexes were ab- 
sent; suck and gag reflexes were weak. Fee- 
ble crying was evident. The patient exhib- 
ited an elevated palate and bell-shaped 
chest. Results of the general physical ex- 
amination were otherwise normal. 

An electromyogram of the left tibialis 
anterior showed a predominance of motor 
unit potentials less than 5 milliseconds in 
duration and 25 pV in amplitude. Results of 
the sensory, motor, and repetitive nerve 
conduction studies were normal. On day 2, 
the child developed bradycardia and apnea 
requiring mechanical ventilation. No ap- 
parent clinical evidence of a cardiomyopa- 
thy was present (blood pressure, 89/56 mm 
Hg; normal sinus rhythm, 128 beats per 
minute; and lung fields were clear to aus- 
cultation). Chest roentgenograms revealed 
normal heart size and pulmonary vascula- 
ture. An electrocardiogram was not per- 
formed at any time during hospitalization. 
Computed tomographic scan of the head 
and electroencephalography disclosed no 
abnormalities. A biceps muscle biopsy was 
performed on day 7. The child was weaned 
from the ventilator on day 8, she developed 
bradycardia and apnea on day 10, and died. 


PATHOLOGICAL FINDINGS 


The autopsy findings were limited to the 
skeletal and cardiac muscle. No abnormal- 


ities of the pulmonary outflow tract or pul- 
monary vasculature were present. The un- 
fixed heart weighed 19.9 g (normal, 21 g + 5 
g”) and displayed no gross abnormalities. 
The biopsy specimens of the skeletal mus- 
cle and autopsied cardiac muscle were pro- 
cessed in similar fashion: fresh tissue was 
immersed in acetone and dry ice, sectioned 
in a cryostat, and examined using hema- 
toxylin-eosin, modified Gomori trichrome, 
periodic acid-Schiff, oil red-O, and the en- 
zymatic reactions for nicotinamide adenine 
dinucleotide tetrazolium reductase and 
adenosine triphosphatase (pH, 9.4). In ad- 
dition, formalin-fixed, paraffin-embedded 
tissues were examined using hematoxylin- 
eosin-stained sections. 

Processing of the biceps biopsy and a 
sample of the left ventricular wall for 
ultrastructural examination was the same. 
Fresh tissue was fixed in 3% glutaralde- 
hyde solution, rinsed with phosphate 
buffer, postfixed in 1% osmium tetroxide, 
and embedded in epoxy resin (Epon 812). 
Thin sections were stained with uranyl ac- 
etate-lead citrate and examined in an elec- 
tron microscope (Jeol JEM 1008S). 

The skeletal muscle biopsy specimen dis- 
closed wide variability in the size of indi- 
vidual myofibers (Fig 1), increased endo- 
mysial fibrous tissue, and increased nuclear 
internalization. A single fiber in the tri- 
chrome-stained section had abnormal tinc- 
torial qualities and central confluency (Fig 
1). Small clumps of glycogen were noted on 
the periodic acid-Schiff stains, although no 
abnormalities of neutral lipid content were 
observed. Disarray of the intermyofibril- 
lary network was evident with the nicotin- 
amide adenine dinucleotide tetrazolium re- 
ductase reaction. A fiber type predomi- 
nance was not obvious on the adenosine 
triphosphatase preparation. The myocar- 
dium showed a high variability of individ- 
ual myofiber sizes on the formalin-fixed 
tissues. Diagnostic utility of the histochem- 
ically stained myocardial frozen section 
was compromised by the presence of severe 
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Fig 1.—Skeletal muscle. Central region of confluent granular basophilia 


in myofiber (arrow) (Gomori trichrome, X720). 





Fig 3.—Skeletal muscle. Electron micrograph revealing Z-band smear- 
ing, relative paucity of mitochondria, and dilated sarcoplasmic reticulum 
(X21 000). 


ice crystal artifact. No inflammatory infil- 
trates were present in either the skeletal or 
cardiac muscle tissues. 

Ultrastructurally a wide spectrum of al- 
terations was present in both skeletal and 
cardiac muscle. In skeletal muscle the most 
striking changes were focal smearing, 
streaming, widening, and zigzag irregular- 
ities of the Z band associated with disrup- 
tion of the A and I bands and myofibrils (Fig 
2). Mitochondria and glycogen particles 
were diminished in these zones (Fig 3). The 
remainder of the fiber adjacent to these 
zones appeared relatively normal. Some of 
these foci were similar to minicores (Fig 3). 
In some otherwise intact fibers there were 
isolated, minor zigzag irregularities and 
streaming of the Z band (Fig 4). Glycogen 
was increased between myofibrils and 
present in lysosomes in several sites. Other 
fibers were shrunken and degenerated and 
had disrupted myofilaments and banding 
patterns. Dilated sarcoplasmic reticulum 
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Fig 2.—Skeletal muscle. Electron micrograph demonstrating multifocal 


Z-band abnormalities consisting of zigzag irregularities, streaming, 
smearing, and clumping. Note that areas adjacent to affected zones ap- 
pear relatively normal (X4400). 


Fig 4.—Skeletal muscle. Electron micrograph displaying upper degen- 
erated fiber with disruption of myofibrils and banding pattern along the 


entire longitudinal axis. Lower fiber shows multifocal Z-band abnormal- 
ities, increased glycogen, and widening of the intermyofibrillary spaces 


(X5000). 


and lipid droplet formation was also 
present (Figs 4 and 5). There was moderate 
infolding of the sarcolemmal membrane in 
some degenerated fibers (Fig 5). Quantita- 
tive analysis revealed more than 95% of the 
skeletal muscle myofibers contained ultra- 
structural sarcomeric abnormalities. 

The mitochondria in the cardiac muscle 
were slightly swollen and some had lost 
cristae, indicating mild postmortem autol- 
ysis. Mildly altered fibers displayed widen- 
ing of the intermyofibrillary spaces and 
slight glycogen deposition. Some fibers 
showed zigzag changes, smearing, widen- 
ing, and dissolution of the Z band similar to 
that in skeletal muscle (Fig 6). Mitochon- 
dria were not lost from these zones and fil- 
ament disruption was only moderate (Fig 
7). Other fibers were markedly shrunken 
and had complete disruption of the banding 
pattern and myofilaments. Lipid droplet 
and glycogen accumulation were increased 
focally in these fibers. Some severely de- 


generated fibers had disorganized clumping 
and widening of Z-band material, disrup- 
tion of myofilaments, dilated sarcoplasmic 
reticulum, and vacuole formation (Fig 8). 
Other fibers had a relatively normal ap- 
pearance with an intact banding pattern 
and normal myofilaments. Quantitative 
analysis revealed that approximately 50% 
of all fibers displayed ultrastructural sar- 
comeric abnormalities. 


COMMENT 


While a number of specific disorders 
have been described in which lesions of 
both skeletal and cardiac muscle have 
been documented,' the occurrence of a 
congenital myopathy associated witha 
congenital cardiac myofiber abnormal- 
ity is uncommon. In cases where the 
myofiber structure was affected in 
skeletal muscle and myocardium, the 
patients have been found to have en- 
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Fig 5.—Skeletal muscle. Electron micrograph showing complete dis- 
ruption of myofibrils and banding pattern in degenerated fiber. Note ex- 


tensive Z-band clumping (X 19 000). 


Fig 7.—Myocardium. Electron micrograph showing multifocal Z-band 
irregularities, myofibrillar disruption, and relative sparing of mitochondria 


in affected zones (X7000). 


zymatic deficiency states** such as the 
glycogenoses, mucolipidoses, or car- 
nitine palmityl transferase deficiency; 
rod body myopathy*’ mitochondrial 
myopathies*"'; or Duchenne’s dystro- 
phy.” 

This case recognizes a congenital 
myopathy with similar degenerative 
changes in both skeletal and cardiac 
muscle. Rod body myopathy is the only 
commonly encountered congenital my- 
opathy where similar degenerative 
changes in both skeletal and cardiac 
muscle have been described. Classic 
central cores, minicores, rods, or other 
more common congenital myopathic 
structural alterations were not identi- 
fied by light microscopy. By electron 
microscopy the fundamental early 
changes involved Z-band alterations 
with disruption of myofibrils and de- 
creased mitochondria and glycogen. 
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Fig 6.—Myocardium. Electron micrograph revealing multifocal Z-band 
zigzag irregularities, streaming, smearing, widening of the intermyofibril- 


lary spaces, and slight glycogen and lipid deposition. Note adjacent se- 
verely degenerated fiber (X6000). 


Other fibers in skeletal muscle and 
myocardium displayed more severe 
generalized degenerative changes in- 
cluding generalized myofibrillar disar- 
ray, extensive clumping of Z-band ma- 
terials, dilation of the sarcoplasmic 
reticulum, lipid droplet formation, in- 
creased glycogen in the myofibrils, and 
glycogen within lysosomes. These al- 
terations were focal in some fibers, 
while in others the changes occupied 
virtually the entire fiber. The focal ab- 
errations in sarcomeric structure may 
represent an early stage along a con- 
tinuum in the degenerative process 
and the severely altered fibers may 
represent an end stage in the degener- 
ative process. 

To our knowledge, congenital my- 
opathies associated with sarcomeric 
structural cardiac abnormalities simi- 
lar to those in our patient have not 





Fig 8.—Myocardium. Electron micrograph exhibiting disruption of band- 
ing pattern, severe Z-band clumping, myofibrillar disarray, and dilation 
of sarcoplasmic reticulum (X 19 000). 


been previously reported. An analo- 
gous finding was observed in rod (ne- 
maline) body myopathy*’ and pre- 
sented by Meier et al.° Their patient, 
along with a sister and mother, died at 
an early age (<47 years) of cardiac ar- 
rhythmias caused by rod body abnor- 
malities found in the conduction sys- 
tem. No myopathy is known to exist in 
the family of our patient, nor has any 
family member died suddenly of 
known or suspected cardiac disease. 
The conduction system in our patient 
was not specifically isolated and exam- 
ined; however, speculatively, the epi- 
sodes of bradycardia observed clini- 
cally may have been produced by de- 
generative alterations in the cardiac 
conduction system. The skeletal mus- 
cle and myocardium in this case show 
lesions that have some similarities to 
the structural features of minicore 
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myopathy. Cardiomyopathy in mini- 
core disease has not been documented 
by tissue examination; however, it was 
described in a single family based on 
the presence of electrocardiographic 
changes. Cardiac abnormalities in 
central core disease have been limited 
to conduction abnormalities (Wolf- 
Parkinson-White or bundle-branch 
block'*), mitral valve prolapse, or hy- 
pertrophic cardiomyopathy. In our 
case the pathological findings suggest 
that respiratory failure was secondary 
to the severe degree of somatic myop- 
athy and not cor pulmonale. 
Similarities in sarcomeric ultra- 
structural abnormalities led Bethlem 
et al" to postulate a common origin of 
rods, cores, minicores, and focal loss of 
cross striations. Observation of rods, 
cores, and minicores occurring concur- 
rently in skeletal muscle was later de- 
scribed by Vallet et al’ and Seitz et al.!8 
The pathogenesis of these myofiber al- 
terations is currently unknown. Docu- 
mentation of cardiac involvement in 
rod body disease*’ and generalized sar- 
comeric disruption as in our case indi- 
cates that sarcomeric structural ab- 
normalities may be a more generalized 
disease process in some patients. This 
case should enhance our awareness 
of this possibility. Cardiomyopathy 
should be considered in patients with 
congenital myopathies, particularly 
with unexplained conduction abnor- 


malities or contractile insufficiency. It 
should be underscored that light-mi- 
croscopic studies may underestimate 
the abnormalities, and ultrastructural 
evaluation of skeletal and cardiac 
muscle may be necessary to define dis- 
orders such as those in our case. 


We thank Richard H. Geissler, Jr, for the 
excellent ultrastructural photomicroscopy. 
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Unusual Cause of ‘Piriformis Muscle Syndrome’ 


Stephen M. Papadopoulos, MD; John E. McGillicuddy, MD; James W. Albers, MD, PhD 


@ The piriformis muscle syndrome is a 
controversial “clinical” syndrome prima- 
rily characterized by signs and symptoms 
of sciatic nerve compression at the region 
of the piriformis muscle as it passes 
through the greater sciatic notch. The 
syndrome is often referred to; however, 
cases are rarely reported, and it is gener- 
ally an uncommon diagnosis. Of those 
cases reported, the incidence is six times 
more frequent in females than in males, 
and is typically temporally related to minor 
pelvic or buttock trauma. We describe a 
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case of a 40-year-old woman presenting 
with signs and symptoms suggestive of 
piriformis muscle syndrome following a 
gynecologic procedure performed in the 
dorsal lithotomy position. Electromyo- 
graphic findings were consistent with this 
Clinical entity. Operative exploration, how- 
ever, revealed the source of neural com- 
pression to be a pseudoaneurysm of the 
inferior gluteal artery adjacent to the piri- 
formis muscle. The diagnostic features of 
this clinical syndrome are discussed. 
(Arch Neurol. 1990;47:1144-1146) 


eoman,’ in 1928, was the first to de- 
scribe the relationship between 
the piriformis muscle and sciatic nerve 
pain. The piriformis muscle syndrome 
is a controversial “clinical” syndrome 
primarily characterized by signs and 


symptoms of sciatic nerve compres- 
sion at the region of the greater sciatic 
notch. It has been attributed, by some, 
to spasm and irritation of the adjacent 
piriformis muscle, although surgical 
evidence of clear compression is 
sparse.*® There are no unique or con- 
firmatory radiologic findings. How- 
ever, a nuclear medicine bone scan may 
show a characteristic scintigraphic 
pattern of the piriformis muscle, sup- 
porting the diagnosis. The syndrome 
is often referred to in the literature, 
although cases are rarely reported, 
and it is an extremely uncommon di- 
agnosis even in tertiary referral 
enters.’ Of those cases reported, the 
incidence is six times more common in 
females than in males and typically 
follows a history of minor pelvic or 
buttock trauma.*? We recently cared 
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for a 40-year-old woman with clinical 
signs and symptoms suggestive of the 
piriformis muscle syndrome following 
a gynecologic procedure performed in 
the dorsal lithotomy position. The 
electromyographic findings were con- 
sistent with a left lumbosacral plex- 
opathy localized to or proximal to the 
piriformis muscle. Computed tomog- 
raphy (CT) was interpreted as showing 
an intramuscular piriformis hemato- 
ma. 


REPORT OF A CASE 


A 40-year-old woman underwent a rou- 
tine transvaginal needle biopsy, performed 
in the dorsal lithotomy position under gen- 
eral anesthesia. Preoperative CT scan 
showed a small intrapelvic mass thought to 
be consistent with endometriosis. Shortly 
after awakening, she complained of left 
buttock pain extending down the posterior 
thigh in a typical sciatic distribution. The 
pain did not improve and a CT scan of the 
pelvis was obtained 1 week following the 
biopsy. This showed a mass interpreted as 
an intramuscular hematoma of the piri- 
formis muscle on the left side (Fig 1). Over 
the ensuing 2 weeks, she continued to have 
severe buttock and sciatic pain. She also 
developed rapidly progressive plantar flex- 
ion and dorsiflexion weakness and was re- 
ferred for neurosurgical evaluation. 

Physical examination revealed a tender, 
nonpulsatile mass palpable in the region of 
the piriformis muscle. Muscle strength was 
graded (MRC scale; 5 = normal; right/left) 
as follows: hip abduction, 5/3; knee flexion, 
5/3; foot dorsiflexion, 5/4; foot inversion, 
5/4; and foot plantar flexion, 5/3. Other 
muscle groups were normal. She had pain 
on resisted abduction and external rotation 
of the thigh. There was diminished sensa- 
tion in the distribution of the sciatic nerve, 
pudendal nerve, and the posterior cutane- 
ous nerve of the thigh. The left external 
hamstring and Achilles reflexes were ab- 
sent. 

Nerve conduction studies performed 3 
weeks after biopsy showed reduced ampli- 
tude tibial and sural evoked responses on 
the left side compared with the right side 
(50% reduction). Needle electromyography 
showed abnormal spontaneous activity and 
fibrillation potentials in muscles of sciatic 
and inferior and superior gluteal innerva- 
tion on the left side. In all of these muscles, 
recruitment was decreased and no volun- 
tary motor units were present in the gluteus 
medius, gluteus maximus, external ham- 
string, and medial gastrocnemius muscles. 
All recorded motor unit action potentials 
were of normal configuration. Paraspinal 
muscles were spared, as was the adductor 
longus muscle. These findings were inter- 
preted as consistent with a lesion involving 
the left lumbosacral plexus, with combined 
sciatic, inferior gluteal, and superior glu- 
teal nerve involvement. 

Because of persistent pain and progres- 
sive neurologic deficit, the patient was 
taken to the operating room for neural 
decompression and evacuation of the pre- 
sumed piriformis hematoma. A large 
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Fig 1.—Pelvic computed tomographic scan shows a diffuse enlargement of the piriformis muscle 


interpreted as an intramuscular hematoma. 
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Fig 2.—This diagram depicts the relationship of the sciatic nerve, inferior gluteal nerve, superior 
gluteal nerve, posterior cutaneous nerve of the thigh, and pudendal nerve to the piriformis muscle. 


pseudoaneurysm of the inferior gluteal ar- 
tery was discovered. Proximal control of 
the distal branches of the internal iliac ar- 
tery was achieved and the aneurysm was 
decompressed and oversewn. 

The patient did well postoperatively and, 
on l-year follow-up, is pain free with near 
complete resolution of her neurologic defi- 
cits. 

COMMENT 


The relationship between sciatic 
nerve pain and the piriformis muscle 
was first described by Yoeman! in 1928. 
The “piriformis muscle syndrome” 
was further elucidated by Freiberg 
and Vinkle in 1934? and 19373 and 
Thiele in 1937.8 Although this syn- 
drome is often included in the differ- 
ential diagnosis of nondiscogenic sci- 
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atic, few cases have been reported in 
the literature. Pace and Nagle’ re- 
port an atypically high incidence, 45 
(6% ) of 750 patients seen in a tertiary 
referral (refractory to conventional 
treatment) back pain clinic. The inci- 
dence was six times higher in females 
than in males, and often followed a 
history of hip or pelvic trauma.’ 

It is emphasized by many authors 
that the diagnosis of piriformis muscle 
syndrome is made strictly on clinical 
criteria, without the support of neuro- 
physiologic or radiologic studies.>* 
Characteristic presenting complaints 
are pain and paresthesias in the glu- 
teal region radiating to the hip and 
posterior thigh in a sciatic radicular 
distribution.'? Female patients may 
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complain of dyspareunia.** Report- 
edly, there is often distinct tenderness 
and reproduction of the patient’s pain 
by deep palpation over the belly of the 
piriformis muscle, particularly toward 
the sciatic notch and on the lateral 
pelvic wall by rectal or pelvic examin- 
ation.** Pain and weakness on resisted 
abduction and external rotation of the 
thigh, “Pace’s sign,” have been inter- 
preted as an indication of piriformis 
muscle irritability.° This is tested 
with the patient seated, abducting the 
legs against the resistance of the ex- 
aminer’s hands. “Freiberg’s sign,” 
pain on internal rotation of the ex- 
tended thigh, may also be positive.** 
This maneuver tightens the piriformis 
muscle and causes pressure on the sci- 
atic nerve at the sacrospinous liga- 
ment. Diagnostic “trigger point” injec- 
tions with a local anesthetic or steroids 
may confirm the diagnosis, and also be 
a means of therapeutic relief.>° 

The symptoms of the piriformis syn- 
drome are thought to be due to entrap- 
ment of the sciatic nerve in the region 
of the greater sciatic notch due to hy- 
perirritability, spasm, hypertrophy, or 
contracture of the piriformis mus- 
cle.'° The piriformis muscle arises 
along the anterior border of the 
sacrum and capsule of the sacroiliac 
joint (Fig 2). It then runs laterally, 
passing through the greater sciatic fo- 
ramen, converging into a tendonous 
insertion on the greater trochanter of 
the femur. Typically, the sciatic nerve 
exits the greater sciatic foramen, pass- 
ing below the belly of the piriformis 
muscle. However, in 15% of autopsy 
specimens the sciatic nerve actually 
passes through the belly of the mus- 
cle."! Additionally, the inferior gluteal 
nerve and artery and the posterior cu- 
taneous nerve of the thigh also emerge 
below the inferior border of the piri- 
formis muscle after passing through 
the greater sciatic foramen. The pu- 
dendal nerve also exits the greater sci- 
atic foramen along the inferior border 
of the piriformis muscle, but quickly 
re-enters the pelvis through the lesser 
sciatic foramen. The superior gluteal 
nerve and artery exit the pelvis 
through the greater sciatic foramen, 
coursing above the superior border of 
the piriformis muscle. The superior 
gluteal nerve innervates the gluteus 
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medius, gluteus minimus, and the su- 
perior portion of the gluteus maximus. 
The inferior gluteal nerve courses 
along the undersurface of the gluteus 
maximus, widely innervating that 
muscle. The piriformis muscle itself is 
innervated by branches from L5, S1, 
and S2. Functionally, the piriformis 
muscle is primarily an external rota- 
tor of the hip joint when the thigh is 
extended and an abductor of the flexed 
thigh. The piriformis muscle syn- 
drome, although primarily involving 
the sciatic nerve, may also include in- 
volvement of the superior gluteal 
nerve, inferior gluteal nerve, pudendal 
nerve, and posterior cutaneous nerve 
of the thigh.’ Our patient had pain 
and associated neurologic deficit in- 
volving the sciatic, inferior gluteal, 
superior gluteal, pudendal, and poste- 
rior cutaneous nerves. 

Gluteal artery aneurysms are quite 
rare; approximately 100 cases have 
been reported.’ The vast majority of 
the cases have been pseudoaneurysms 
following major pelvic trauma.'*"’ The 
superior gluteal artery is involved 
most commonly in penetrating trauma 
and the inferior gluteal artery in blunt 
trauma.'*'> One case of a superior glu- 
teal aneurysm due to an iatrogenic in- 
jury has been reported.” Neurologic 
signs and symptoms may involve not 
only the sciatic nerve, but also the 
superior gluteal, inferior gluteal, pu- 
dendal, and posterior cutaneous 
nerves.!*!8 

The diagnosis of piriformis muscle 
syndrome and/or gluteal artery aneu- 
rysm should be considered in cases of 
atypical sciatica with normal radio- 
logic studies for an intraspinal cause. 
This is particularly important if there 
is evidence of involvement of the supe- 
rior gluteal nerve (weakness of the 
gluteus medius and minimus muscles), 
inferior gluteal nerve (weakness of the 
gluteus maximus muscle), pudendal 
nerves (peroneal sensory loss, includ- 
ing the scrotum or labia majora), and/ 
or the posterior cutaneous nerve of the 
thigh. The differential diagnosis of a 
mass lesion in the region of the piri- 
formis muscle also includes pyogenic 
or tuberculous abscess, soft-tissue sar- 
coma, sciatic hernia, hygroma, chron- 
ic bursitis, lipoma, and echinoccal 
cyst.'*'© Intramuscular injection of a 


local anesthetic and/or steroids re- 
sulting in amelioration of sciatic pain 
is considered a confirmatory diagnos- 
tic test for piriformis muscle syn- 
drome.*’ It should be emphasized that 
aspiration prior to diagnostic injection 
should always be performed to rule out 
other possible causes and avoid direct 
intravascular injection. Pelvic CT scan 
and magnetic resonance imaging may 
be helpful in evaluation of the perti- 
nent gluteal musculature and also in 
detecting a vascular lesion such as a 
gluteal artery aneurysm. 
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EXPANDING DYNAMIC neurology practice — 
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Urbana, IL 61801 


NEUROLOGIST: Excellent opportunity for board- 
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University’s College of Human Medicine are regu- 
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ship with local community, full service hospital. Affil- 
iated with major teaching tertiary hospital. Reply 
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BUCKS COUNTY, PENNSYLVANIA — Position 
available in this beautiful, southeastern Pennsyl- 
vania location for a BE/BC neurologist to join two 
young colleagues in a growing private practice. All 
diagnostic modalities locally available in this highly 
trained medical community, situated 30 minutes 
from Center City, Philadelphia and less than 90 
minutes from Manhattan. High salary/benefits with 
potential for partnership. Reply: Box #807, c/o AON. 


BC/BE NEUROLOGIST NEEDED — California. 
Excellent opportunity to establish your own private 
practice with no investment, guaranteed income. 
Strong referral base. Proficiency in EEG/EMG 
required. Well equipped, 112-bed, full-service hos- 
pital. Our service area population is now 90,000; a 
growing area with new businesses and stable econ- 
omy. Located in central California near Sequoia 
National Park, Tulare offers an excellent family- 
oriented lifestyle and all expected amenities. Beauti- 
ful homes close to hospital and office are affordably 
priced. Good schools, many community activities 
and abundant recreation including golf, tennis, 
mountain and equestrian activities. Easy access to 
all California’s major metropolitan and resort areas. 
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Where-To-Go-Guide for a Better Life”, says 
that this is “one of the best towns in Amer- 
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CHARLOTTE, NORTH CAROLINA: High quality 
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Contact: Mike Kaufman, MD, 126 Cottage Place, 
Charlotte, NC 28207; or call: (704) 334-7311. 
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NEUROLOGIST — Neurologist with particular 
interest in EMG and nerve conduction studies to join 
neurology section of a 25-physician internal medi- 
cine group practice. Full testing facilities available 
both in the clinical office and at the teaching hospi- 
tal. Growing area of coastal North Carolina, 250,000 
referral area. Excellent industrial base, 7,500-student 
university campus, year round sailing, golfing, ten- 
nis, fishing, and other recreational opportunities. 
500-bed tertiary care hospital, internal medicine 
residency program, academic affiliation with UNC- 
Chapel Hill. Full benefit package, competitive salary. 
CV to: Daniel Gottovi, MD, Wilmington Health 
Associates, P.A., 1202 Medical Center Drive, Wil- 
mington, NC 28401. 


NEUROLOGIST — Excellent opportunity to join 
large, well-respected neurological group in beauti- 
ful suburb of Boston. Very active clinical practice 
with availability of all neurodiagnostic modalities. 
Group size allows for good on-call schedule. Loca- 
tion offers the ideal combination of close proximity 
to mountains, ocean and metropolitan culture. Kindly 
reply with curriculum vitae to: Howard M. Gardner, 
MD, New England Neurological Associates, P.C., 
220 Sutton Street, North Andover, MA 01845 


MAUI ORTHOPEDIC and Sports Medicine seeks 
neurologist to establish independent practice. Con- 
tact: William Gfeller, 450 Hookahi Street, Wailuku, 
Maui, HI 96793. (808) 244-5541. 


PEDIATRIC NEUROLOGIST to join group of seven 
adult neurologists with thriving practice in northern 
California. We are located 1'2 hours from San Fran- 
cisco and from Lake Tahoe. Our local hospitals have 
a very large pediatric population with a strong pedi- 
atric medical staff and very active neonatal and 
pediatric intensive care units. The environment is 
both clinically and academically stimulating, with 
opportunity for association with a nearby University 
of California teaching hospital. Please write: Neuro- 
logical Consultants Medical Group, Inc., 2801 K 
Street, Suite 310, Sacramento, CA 95816. Or call: 
William J. Au, MD, at (916) 733-5065. 


NEUROLOGIST 


The Duluth Clinic, Ltd., a 160- 
physician, multi-specialty 
regional referral center in a 
metropolitan base of 125,000 
with a regional referral base of 
500,000 people, is seeking an 
additional board-certified/ 
-eligible neurologist, preferably 
with interest in EMG and evoked 
potentials. 


Currently the staff includes one 
child neurologist, five adult 
neurologists and three neuro- 
surgeons. State-of-the-art 
support services and equipment 
are in place. Ample outdoor 
recreational and cultural facili- 
ties are available. 


Please respond with complete 
curriculum vitae to: 


James G. Brueggemann, MD 
Medical Director 
The Duluth Clinic, Ltd. 
400 East Third Street 
Duluth, MN 55805 


we. 


An equal opportunity employer. 











Professional Opportunities 


LOS ANGELES: Downey. Great opportunity for 
BC/BE neurologist to join two overworked partners. 
Thriving, lucrative practice is in sleek office located 
in wonderful area central to all. Working environ- 
ment is a dream, with full partnership after one year 
to right person. Position must be filled immediately 
Reply: Box #813, c/o AON 





NEUROLOGIST: BC/BE Neurologist to replace 
retiring partner in established four-person depart- 
ment associated with 97-physician multi-specialty 
clinic located in beautiful northwest Arkansas. Holt- 
Krock Clinic is the 33rd largest freestanding clinic in 
the nation, serving a patient base of 400,000 in 
Arkansas and Oklahoma. Full range of electrical 
studies offered with EEG, EMG, evoked response, 
and cervical vascular ultrasound procedures. We 
offer a guaranteed salary with full partnership in 2 to 
2⁄2 years, plus excellent fringe benefits. 680-bed 
hospital and new Rehab hospital two blocks from 
main clinic. For details regarding this opportunity, 
send letter and CV to: Mrs. Josephine Decker, 
Associate Administrator, Holt-Krock Clinic, 1500 
Dodson Avenue, Fort Smith, AR 72901. (501) 
782-2071. 


Positions Available 


EMG/NEUROMUSCLUAR FELLOWSHIP — Two, 
one-year fellowship positions in EMG and neuro- 
muscular diseases available July 1991. Training 
involves extensive experience in clinical EMG as well 
as exposure to single fiber and other computer tech- 
niques in EMG. Participation in neuromuscular spe- 
cialty clinics and interpretation of muscle and nerve 
histochemistry and electron microscopy is an inte- 
gral part of the fellowship. There is opportunity for 
basic research in muscle NMR spectroscopy and 
participation in various clinical research projects. 
Please send curriculum vitae and three letters of 
recommendation to: B.K. Ahmad, MD, Department 
of Neurology, Henry Ford Hospital, 2799 West Grand 
Boulevard, Detroit, MI 48202. (313) 876-3822. 


Neurologist 


At the request of an existing Neurology pratice located in Peoria, Illi- 
nois, we are seeking a BE/BC Neurologist to join an expanding multi- 
specialty group. This is an opportunity to associate with a university 


affiliated teaching hospital. 


Peoria, an All-American city with a population of over 125,000 and 
a referral base of 350,000, is located on the Illinois River in scenic 
Central Illinois. We have abundant recreational and cultural oppor- 
tunities, with the advantages of Chicago and Sf. Louis less than 


three hours away. 


Guaranteed salary, signing bonus, moving expenses, and addition- 
al benefits provided. Please submit resume to: 


Harvey Lightbody 
Vice President of Physician Recruitment 


METHODIST MEDICAL CENTER 


OF ILLINOIS 
221 N.E. Glen Oak Avenue 
Peoria, Illinois 61636 


Equal Opportunity Employer 





Neurologist 


The Mason City Clinic 
is a progressive 
multi-specialty clinic in 
the Heartland. 














We are looking for a 
neurologist to join our very 
busy practice. Small-town 
security within two 
hours of Minneappolis 
and Des Moines. 












MRI, CT, sleep lab, EEG, EMG, 
neurosurgery, Cardiac surgery, 
orthopedic surgery, cancer 
center, GI lab, and ENT 
capabilities. 


Excellent salary 
and benefits. 
Submit CV to: 


Ralph A. Wolf, Administrator 


300 N. Eisenhower Avenue 
Mason City, IA 50401 


(515) 423-2435 
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Positions Available 


CLINICAL NEUROPHYSIOLOGY Fellowship—Two, 
1-2 year fellowship positions available July 1991. 
Training involves extensive experience in interpreta- 
tion of adult and pediatric EEGs, ambulatory cassette 
recordings and long term video monitoring. All 
modalities of clinical evoked potentials (VEP, ERG. 
BAEP, SSEP) and intra-operative monitoring and 
brain mapping of EEG and evoked potentials per- 
formed. Human and animal research opportunities 
available in on-site magnetoencephalography labora- 
tory where several projects under way. The fellow- 
ship year may be combined with six month rotation 
in EMG laboratory where extensive experience 
gained in conventional EMG, single fiber and quan- 
titative EMG studies. Fellows may attend outpatient 
epilepsy and neuromuscular clinics during respec- 
tive EEG and EMG rotations. Send CV and three 
reference letters to: B.K. Ahmad, MD, or Gregory L. 
Barkley, MD, Division of Clinical Neurophysiology, 
Department of Neurology, Henry Ford Hospital, 
2799 West Grand Boulevard, Detroit, MI 48202. Or 
call: (313) 876-3822 or (313) 876-3922 





ACADEMIC NEUROLOGIST with special expertise 
and training in clinical neuromuscular diseases to 
head neuromuscular division. State-of-the-art histo- 
chemistry laboratory with EM capability, multi- 
disciplinary ALS clinic and specialty MG and neuro- 
muscular clinics are well established. Research 
opportunities on-site in muscle NMR spectroscopy 
and magnetomyography. Intramural support avail- 
able for research program development. Participa- 
tion in education of neurology residents and neuro- 
muscular fellows is expected. Send CV and three 
supporting letters to: B.K. Ahmad, MD, Department 
of Neurology, Henry Ford Hospital, 2799 West Grand 
Boulevard, Detroit, MI 48202. Or call: (313) 876-3822. 





NEUROLOGIST — Atlanta, Georgia: BC/BE neu- 
rologist to join existing group. Weekend cross- 
coverage, reasonable schedule. EMG, EEG and EP 
experience necessary. Competitive salary, benefits 
and early partnership. Adult neurology. Send CV and 
references to: Michael Lacey, MD, 5555 Peachtree 
Dunwoody Road, Suite 240, Atlanta, GA 30342 


Positions Available 


ADULT NEUROLOGIST. Four-member neurology 
group seeks highly qualified candidate for combined 
Clinical, teaching, and research opportunity in beau- 
tiful eastern Pennsylvania community. Academic 
effilation. Neuromuscular expertise or fellowship 
preferred. Exceptional opportunity for exceptional 
applicant. Send CV with inquiry, including career 
goals, to: Lawrence P. Levitt, MD, 1210 South Cedar 
Crest Boulevard, Allentown, PA 18103. 


Faculty Positions 


THE DEPARTMENT OF NEUROLOGY of Loyola 
University Chicago Stritch School of Medicine 
invites applications for a position at the assistant 
professor level. Applicants should be board-eligible 
or board-certified in neurology and should have 
subspecialty expertise in movement disorders and/or 
epilepsy. Preference will be given to candidates with 
interest in clinical research. Loyola University Chi- 
cago is an equal opportunity/affirmative action 
employer. Interested applicants should send their 
curriculum vitae to: Gastone G. Celesia, MD, 
Chairman, Department of Neurology, Loyola Uni- 
versity Chicago, 2160 South First Avenue, Chicago, 
IL 60153. 


THE DEPARTMENT OF NEUROLOGY of Loyola 
University Chicago Stritch School of Medicine 
invites applications for a position at the assistant 
professor level. Applicants should be board-eligible 
or board-certified in neurology and should have 
subspecialty expertise in clinical neurophysiology. 
Preference will be given to candidates with interest 
in clinical research. Loyola University Chicago is an 
equal opportunity/affirmative action employer. Inter- 
ested applicants should send their curriculum vitae 
to: Gastone G. Celesia, MD, Chairman, Department 
of Neurology, Loyola University Chicago, 2160 
South First Avenue, Chicago, IL 60153. 





PLEASE NOTE— Address replies to box number 
ads as follows: Box number, ___, c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 


FACULTY POSITION IN 
PEDIATRIC NEUROLOGY: 


The Departments of Neurology and Neurological Sciences and 
of Pediatrics at Stanford University School of Medicine are — 
searching for an individual to fill a tenure-track faculty position. 


Candidates should be certified by the American Board of 
Psychiatry and Neurology with special competence in child 
neurology. Preference will be given to candidates who have 
training and experience in clinical or basic research areas and 
can function as independent investigators. Depending upon the 
candidate's qualifications, a junior or more senior appointment 
might be made. Facilities and support are available as 
appropriate to assist in developing a research program. 


Stanford University is committed to increasing representation of 
women and members of minority groups on its faculty and 
particularly encourages application from such candidates. 
Interested individuals should send a curriculum vitae and the 


names of three referees to: 


Barry R. Tharp, MD 


Head, Division of Pediatric Neurology 
Stanford University School of Medicine 


Stanford, California 94305-5235 


Faculty Positions 


ACADEMIC NEUROLOGIST with expertise in epi- 
lepsy and EEG — The Department of Neurology at 
the University of lowa College of Medicine announ- 
ces the opening of a faculty position in the Division 
of Clinical Electrophysiology. The division seeks a 
leader for its program in epilepsy and EEG. Candi- 
date must be board-eligible or -certified in both 
neurology and EEG (American Board of Clinical 
Neurophysiology) and have experience with inten- 
sive monitoring procedures and electrocorticogra- 
phy. A record of successful scientific activities and 
active research interest is required. The EEG moni- 
toring service at the University of lowa provides 
unusual opportunities for clinical research. It is 
equipped with closed circuit TV, cable telemetry 
system, and advanced EEG and seizure analysis 
computers. Interested individuals should contact: 
Thoru Yamada, MD, Chief, Division of Clinical 
Electrophysiology, Department of Neurology, or 
Antonio R. Damasio, MD, PhD, Professor and Head, 
Department of Neurology, University of lowa Col- 
lege of Medicine, lowa City, IA 52242. The Univer- 
sity of lowa is an equal opportunity/affirmative 
action employer. Women and minorities are 
encouraged to apply. 


NEURO-OPHTHALMOLOGY 


Michigan State University is conducting a 
search for a second neuro-ophthalmologist 
(Assistant Professor, full-time/full-year, tem- 
porary). Research experience, a strong interest 
in teaching and documented expertise in patient 
care is essential. The candidate must be BE/BC 
in ophthalmology or neurology with formal 
neuro-ophthalmology fellowship training. 
Salary will be commensurate with experience. 
Send CV or contact: 


David |. Kaufman, D.O. 
B309 W. Fee Hall 
Michigan State University 
East Lansing, MI 48824 
(517) 353-3211 


MSU is an affirmative action/equal opportunity institution 


ACADEMIC NEUROLOGIST (Epilepsy). Tenure- 
track position (assistant to professor level) available 
in the Department of Neurology at the University of 
Kentucky for a BC/BE neurologist with expertise in 
clinical neurophysiology to head Epilepsy Evalua- 
tion Unit. Excellent opportunities for diverse or col- 
laborative research. The department has eleven full- 
time faculty in varied sub-specialties with an active 
clinical service and a 12 member residency pro- 
gram. Challenging opportunity for an individual to 
work in a tertiary referral center. Send inquiries 
with CV and three letters of reference to: Michael 
P. McQuillen, MD, Professor and Chairman, 
Department of Neurology, University of Kentucky, 
Lexington, KY 40536. EEO/AA employer. 





ACADEMIC CHILD NEUROLOGY — Southern 
California. The division of Neurology, Childrens 
Hospital Los Angeles and the Department of Neu- 
rology, University of Southern California School of 
Medicine are seeking an academically oriented 
pediatric neurologist with laboratory based research 
interests. The Pediatric Neurology division at CHLA 
is one of the largest on the west coast with both 
Clinical and laboratory based research programs in 
epilepsy, neuro-oncology, developmental neuro- 
biology, and AIDS. This position will provide excit- 
ing opportunities for collaboration in ongoing basic 
research efforts at Childrens Hospital Los Angeles 
and USC in the neuropharmacology, neurochemis- 
try, neuroimmunology, and molecular biology of the 
developing nervous system. This is a tenure track 
position which carries an appointment of either 
assistant or associate professor, depending upon 
the qualifications and experience of the candidate. 
Board-eligibility or -certification in child neurology 
is required. Interested applicants should send a 
curriculum vitae and names of three references to: 
O. Carter Snead IIl, MD, Chief, Division of Neurol- 
ogy, Childrens Hospital Los Angeles, P.O. Box 
54700, Los Angeles, CA 90054-0700. Childrens 
Hospital Los Angeles and the University of Southern 
California are equal opportunity/affirmative action 
employers. 





Faculty Positions 


NEUROLOGIST — BC/BE. The Texas College of 
Osteopathic Medicine is recruiting an academically 
oriented neurologist with interest in clinical neurol- 
ogy, teaching and research. Faculty appointment 
provides competitive salary with excellent fringe 
benefits. Please send curriculum vitae and letter of 
inquiry to: William E. Mcintosh, DO, Associate Pro- 
fessor of Medicine/Neurology, Texas College of 
Osteopathic Medicine, 3516 Camp Bowie Boule- 
vard, Fort Worth, TX 76107. TCOM is an affirmative 
action/equal opportunity employer. 


THE DEPARTMENT OF NEUROLOGY at the Uni- 
versity of Louisville, School of Medicine is seeking a 
faculty member for a full-time academic appoint- 
ment. Applicant must be board-eligible in neurology 
and neurodiagnostics, preferably with a completed 
fellowship in neurophysiology and electrodiagnos- 
tic medicine. Must be committed to education both 
at the undergraduate and graduate levels. Contact: 
William H. Olson, MD, Chairman, Department of 
Neurology, University of Louisville, Louisville, KY 
40292. (502) 588-7981. EO/AAE. 





Fellowships 


EPILEPSY FELLOWSHIP — UPEC training suitable 


for both academic bound and private practice. The 
University of Pittsburgh Epilepsy Center is offering 
clinical fellowships in epilepsy to physicians and 
PhDs to start July 1991. These are comprehensive 
programs to expose the fellow to the clinical man- 
agement of patients with epilepsy. There are three 
outpatient clinics, and both outpatient and inpatient 
management of routine patients, pseudoseizures, 
and intractable epileptics. Fellows will read both 
scalp and depth EEG and qualify for ABCN. UPEC 
evaluates experimental drugs, has a large epilepsy 
surgery program based on depth electrode record- 
ings and extensive computer databasing. Additional 
training in basic or clinical research is available. 
EO/AAE. Contact: Richard Dasheiff, MD, Director, 
UPEC, Room 625, 3515 Fifth Avenue, Pittsburgh, PA 
15213. (412) 647-6493. 


Neurobehavior 
Fellowship 


Emory University School of Medicine 
invites applications for a one- or two- 
year fellowship in behavioral neurology, 
beginning on or after July 1, 1991. The 
fellowship will offer exposure to the 
neurology and neuropsychology of 
dementia, stroke, head injury, temporal 
lobe epilepsy, movement disorders, and 
atypical psychiatric disorders. 


The fellow will be encouraged to inten- 
sively participate in one of the research 
activities of the program. Current clini- 
cal research includes drug trials for 
Alzheimer’s disease, cognitive evoked 
potentials in aging and stroke, and the 
behavioral problems associated with 
temporal lobe epilepsy. Current basic 
research involves cellular neuroanat- 
omy and neurophysiology relating to 
neuronal injury. 


Please send letter of inquiry and CV to: 


Robert C. Green, MD 
Neurobehavioral Program 
EMORY UNIVERSITY 
DEPARTMENT OF NEUROLOGY 
Wesley Woods Center 

1821 Clifton Road, NE 

Atlanta, GA 30329 

Telephone: (404) 728-6682 

An equal opportunity employer. 


Fellowships 


MOVEMENT DISORDER FELLOWSHIP. Applicant 
must have completed residency training in neurol- 
ogy. Primary focus is on the evaluation and treat- 
ment of Parkinson's disease and other movement 
disorders. Applicant will also participate in clinical 
drug trials as well as ongoing research projects in 
magnetic resonance imaging and neurotransplanta- 
tion. For more information, contact: C.W. Olanow, 
MD, Department of Neurology, University of South 
Florida, 33606. (813) 253-4455. 


TWO CEREBROVASCULAR Disease Fellowships 
are available immediately for one or two years in the 
Department of Neurology, Henry Ford Hospital. 
These fellowships offer comprehensive training 
programs in pathophysiology, diagnosis and man- 
agement of cerebrovascular disorders, including 
migraine, within an NIH funded center for cerebro- 
vascular disease research. A Javits Junior Clinical 
Investigator Fellowship is available to one competi- 
tive candidate. The department evaluates almost 
600 patients with cerebrovascular disease yearly, 
has a stroke and migraine clinic, and aclinical/clini- 
cal research, four-bed acute stroke unit. Clinical and 
basic science research opportunities available in: 
in-vivo NMR spectroscopy of human and animal 
cerebral ischemia, 133-Xenon inhalation regional 
cerebral blood flow, non-invasive carotid dopplers, 
transcranial doppler, platelet function laboratory, 
HFH stroke center data bank, and experimental 
drug studies in stroke and migraine. Applicants 
should have completed an accredited neurology 
residency and be board-eligible/-certified. Salary 
commensurate with experience. Please send letter 
of inquiry to: K.M.A. Welch, MD, Chairman, or 
Steven R. Levine, MD, Director, Center for Stroke 
Research, Department of Neurology, Henry Ford 
Hospital, 2799 West Grand Boulevard, Detroit, MI 
48202-2689. Telephone: (313) 876-3396. 








NEUROMUSCULAR FELLOWSHIP — Training 
EMG Neuromuscular Fellowship, available July 1, 
1990 at the University of Maryland Hospital, Balti- 
more, Maryland. One year training and experience 
in clinical electromyography and neuromuscular 
disease. Experience includes diagnosis and man- 
agement of patients with neuromuscular dysfunc- 
tion and interpretation of muscle and nerve biop- 
sies. Opportunity to utilize these techniques in 
clinical research. Neurology training required. Send 
application with three letters of recommendation to: 
Dr. Richard F. Mayer, Department of Neurology, 
Room N4W46, University of Maryland Hospital, 22 
South Greene Street, Baltimore, MD 21201. Or call: 
(301) 328-6689. 


CLINICAL NEUROPHYSIOLOGY FELLOWSHIP 
available beginning July 1, 1991, for one or prefera- 
bly two years at the Medical College of Virginia. 
Training will include adult and pediatric clinical 
EEG, evoked potentials, video EEG, as well as clini- 
cal epileptology and related areas. The Clinical Neu- 
rophysiology Laboratories perform approximately 
4,500 EEGs and 1,500 EPs per year and MCV is a 
dynamic, 1,100 bed tertiary care university hospital. 
There is Ongoing research in evoked potentials, 
status epilipticus and related clinical and basic 
sciences. Clinical or basic research opportunities in 
the above or related areas are available, and partici- 
pation in research is encouraged. Board-eligibility 
in neurology is required. Applicants should send 
curriculum vitae and the names of three references 
to: Dr. Joseph A. Sgro, Director, Clinical Neurophy- 
siology Laboratories, Medical College of Virginia, 
Box 453, MCV Station, Richmond, VA 23298-0453. 
(804) 786-0840. Virginia Commonwealth University 
is an equal opportunity/affirmative action employer. 
Women and minorities are encouraged to apply. 


FELLOWSHIP IN DIAGNOSTIC and experimental 
neuropathology. The Neuropathology Laboratory 
at The Johns Hopkins University School of Medi- 
cine has fellowship positions available as of July 1, 
1990. Qualifications include an MD degree and a 
background in clinical neurosciences or pathology. 
Applicants should send resumes and letters of 
recommendation to: Donald L. Price, MD, Neuropa- 
thology Laboratory. The Johns Hopkins University 
School of Medicine, 509 Pathology Building, 600 
North Wolfe Street, Baltimore, MD 21205-2181. 
Affirmative action/equal opportunity employer 
Because of funding requirements, applicants limited 
to US citizens/permanent residents. 








Fellowships 


PAIN FELLOWSHIP. The Pain Service in the Depart- 


ment of Neurology at Memorial Sloan-Kettering 
Cancer Center is seeking a board-eligible/board- 
certified neurologist for a pain fellowship. This is a 
one- or two-year position that offers comprehensive 
training in pain evaluation and treatment, with a 
strong emphasis on cancer pain. Fellows will partic- 
ipate in clinical investigations of neuro-oncologic 
pain syndromes and the pharmacology of opioid 
analgesics. Laboratory research opportunities 
directed at the mechanisms of opiate action and the 
molecular pharmacology of opiate receptors are 
also available. Please contact: K.M. Foley, Depart- 
ment of Neurology, Memorial Sloan-Kettering 
Cancer Center, 1275 York Avenue, New York, NY 
10021. 





EMG/NEUROMUSCULAR DISEASE Fellowship 
available beginning July 1991 for one year at the 
Medical College of Wisconsin and affiliated hospi- 
tals (Children’s Hospital, Froedtert Hospital, VA 
Medical Center, and Milwaukee County Medical 
Complex). Training opportunities include adult and 
pediatric EMG, single fiber EMG, nerve and muscle 
biopsy interpretation, adult and pediatric MDA clin- 
ics, and microneurography. Please send curriculum 
vitae and the names of three references to: Dr. Rose 
Dotson or Dr. Safwan Jaradeh in the Department of 
Neurology at Froedtert Hospital, 9200 West Wiscon- 
sin Avenue, Milwaukee, WI 53226. 


Positions Wanted 


COMPHEALTH provides the finest locum tenens 


(temporary physician staffing) service nationwide. 
Each CompHealth neurologist is carefully screened 
and referenced ensuring you competent, reliable 
coverage. Have your practice covered or join us and 
cover other practices. Call CompHealth, the nation’s 
oldest and largest supplier of temporary physician 
staffing services at: (800) 328-3037, toll-free. In 
Utah: (801) 264-6400. Or write: 4021 South 700 East, 
Salt Lake City, UT 84107. See us October 14-17 
at the American Neurological Association 115th 
Annual Meeting in Atlanta. 


Medical Equipment/ Supplies 


FOR SALE OR ASSUME LEASE 


BIOLOGIC III 


21 channel Brain Mapping and Evoked 
Potentials. Lease terminates October 
1992. Call: 


(503) 635-1111 
for further information. 


Miscellaneous 


SECOND DARTMOUTH International Conference 


on Epilepsy and The Corpus Callosum, Hanover, 
New Hampshire, August 13-17, 1991. Contact: Pro- 
fessor Alexander G. Reeves, Section of Neurology, 
Dartmouth-Hitchcock Medical Center, Hanover, NH 
03756. FAX: (603) 646-8756. Telephone: (603) 
646-7916. 


REACH 19,066 
NEUROLOGISTS 


If you are searching fora 
qualified specialist... 


We Target the 


Physician You Want! 


The November issue of the Archives 
of Neurology closes September 25th. 


Call us today to reserve your space. 


800-237-9851 
813-443-7666 
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January 6-11, 1991 — Los Angeles’ 


y 


The Osler Institute 
Neurology Boards Review Course 


October 25-27, 1990 — Washington D.C. 


March 17- 


22, 1991 — Houston’ 


Now, a special course for your written and oral board exams 
OBJECTIVES: 


eè Increase basic knowledge and clinical skills in neurology 
e Assist neurology residents to study efficiently 

e Prepare board candidates to take board examinations 
è Provide practicing neurologists with a review and update 


Part II Course: 

Oct. 25-27 — Washington, D.C. 
Jan. 6-11, 91 — Los Angeles + 
Jan. 10-12, 91 — Los Angeles + 
The Part II Course is 
designed to prepare board 
candidates for their oral 
exam. The January 6-11, 
1991, course in Los Angeles 
will be for both written and 
oral exams. Lectures and 
mock oral exams will be held 
each day. 

The three day course will be 
mock oral exams on differen- 
tial diagnosis, treatment 
options, and complications. 
Following each exam the 
faculty will give a critique 
and answer questions. 

Each participant will have an 
exam and critique session 
and observation of other ses- 
sions. Additional 25 minute 
sessions may be arranged for 
$70 and private sessions may 
be arranged for an addition- 
al $30. 


October Faculty 
Joan A. Conry, M.D. 
Miryam Davis, M.D. 
Robert Fayle, M.D. 

Nick Olmos-Lau, M.D. 
Morris Osborn, M.D. 
Michael Sloan, M.D. 
Ron Tintner, M.D. 

Gage Van Horn III, M.D. 


Name 
Address 
City/State/Zip 


Phone 


P.O. Box 2218 
Terre Haute, IN 47802 


ee ee eee ee ee) 





Mail today to: 


1094 Dawn Lane, Dept. 10 


Part I or II Course: January 6 -11 — Los Angeles + 
March 17-22, ’91 — Houston + 


Basic Sciences 
Neuroanatomy 
Neuropathology 
Neurochemistry 
Neurophysiology 
Neuropharmacology 
Neuroimmunology 
Neurogenetics 


Clinical Sciences 
Neuroimaging 
Neuro-otology 
Neuro-ophthalmology 
Neuroendocrinology 
Psychiatry 

Alcohol & Substance Abuse 
Neuropharmacology 


Sensation & Behavior 
Headache and Pain 
Higher Cortical Function 
Movement Disorders 
Seizures and Epilepsy 
Delirium and Confusion 
Stupor and Coma 
Dementia and Alzheimer’s 


Neurologic Diseases 
Infectious Diseases 
Stroke & C.S.E Disorders 
Tumors & Trauma 
Spinal Cord and Disc 
Demyelinative Diseases 
Multiple Sclerosis 
Metabolic & Toxic Diseases 
Nutritional Deficiency 
Parkinson’s Disease 
Developmental Disorders 
Sleep Disorders 


Limited Enrollment: NEUROLOGY BOARDS REVIEW REGISTRATION 











For: 





C] Please send more information. 


+ Course being planned 


See eee een ee ewan eee ................... e TTTTTTTTTTTETTTTTTTT a | 


' Optional Day 


* Ron Tintner, M.D. 


[] Oct. 25-27, 1990 — Washington 
L Jan. 6-11, 1991 — Los Angeles + 
[C] March 17-22, 1991 — Houston + 
C] Check enclosed for $ 


METHODS: 


e HOME STUDY MATERIALS with questions and answers 
based on previous examinations 
¢ SEMINAR with projection slides and syllabus 


¢ PRACTICE EXAMS with oral and written parts 


Neuromuscular & Child 
Neuropathies 
Myopathies 
Neuromuscular Junction 
Neonatal Neurology 
Pediatric Neurology 


January 12 — Los Angeles + 
March 16- Houston + 
Skull Base Surgery 
Cerebropontine Angle 
Craniovascular Surgery 
Pituitary Surgery 
Spinal Surgery 
Neuroanesthesiology 
Surgical Critical Care 
January Faculty 
Robert Baloh, M.D. 
Ulrich Batzdorf, M.D. 
Louis Bozzetti, M.D. 
Christopher DeGiorgio, M.D. 
Steve Feldon, M.D. 
Victor Henderson, M.D. 
Ronald C. Kim, M.D. 
Warwick Peacock, M.D. 
Gary Steinberg, M.D., Ph.D. 


Stanley vandenNoort, M.D. 
M. Anthony Verity, M.D. 
Franklin Wagner, M.D. 
Vladmir Zelman, M.D., Ph.D. 






"Accommodations were comfortable...."* 


GOALS AND LOCATION: The Part I 
Course consists of lectures and evening 
mock oral exams to help you prepare for 
your written and oral exams. The Part II 
Course is all mock oral exams for three 
days before and usually in the same city 
as each oral exam. The course hotel will 
be the best available mix of bargain rates 
and excellent study environment. 


"and those little extras...."* 


LOWEST AIR FARES: Please call toll- 
free 1-800-548-8185 for group fares. 


"...the most education for the money."* 
FEES: 


e Neurologists or Residents Nrol. Res. 
e Part I or II Course (six days) $750 $500 
Repeating within 3 years: $375 $375 
e Optional Day $150 $100 
e Part II Course (three days) $480 $320 
Repeating within 3 years: $240 $240 


è Add 10% within 10 days of the course. 

e Attendees not in course hotel add $20/day. 

e A deposit of $50 will reserve your position. 

e Home study materials will be mailed after 
half of the registration fee is received. 

Refunds, subject to a $50 fee, will be made 
until the seminar begins. 


"home study material was extremely helpfiil."* 


C.M.E. ACCREDITATION: The Univer- 
sity of Texas Health Science Center at 
Houston is accredited by the Accredita- 
tion Council of Continuing Medical 
Education (A.C.C.M.E.) to sponsor con- 
tinuing medical education for physicians. 
The University of Texas Health Science 
Center at Houston, Division of Continu- 
ing Education, designates this continuing 
medical education activity for 28 credit 
hours in Category 1 of the Physician’s 
Recognition Award of the American 
Medical Association. 


"I feel it helped me pass the boards."* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
The Osler Institute 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by past Osler participants 
+ Course being planned, awaiting C.M.E. 
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Dilantin® KAPSEALS® (Extended Phenytoin Sodium Capsules, USP) 
Before prescribing, please see full prescribing information. A Brief Summary follows. 


INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
mal) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see 
Dosage and Administration and Clinical Pharmacology). 

CONTRAINDICATIONS: Phenytoin is contraindicated in those patients wha-are hypersensitive 
to phenytoin or other hydantoins. 

WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
epilepticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
ation, or substitution of alternative antiepileptic medication arises, this should be done gradually. 
However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
belonging to the hydantoin chemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the 
development of lymphadenopathy (local or generalized) including benign lymph node 
hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resembling serum sickness, eg, 
fever, rash and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an extended period is indicated and 
every effort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
decrease serum levels. 

In view of isolated reports associating phenytoin with exacerbation of porphyria, caution should 

be exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports suggests an association between the use of 
antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
to these women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 
than drug therapy in leading to birth defects. The great 
majority of mothers on antiepileptic medication deliver 
normal infants. It is important to note that antiepileptic drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures, because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
cases where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 
even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mental deficiency in children born to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measurement of serum 
phenytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 
guide to an appropriate adjustment of dosage. However, postpartum restoration of the original 
dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
or correct this defect and has been recommended to be given to the mother before delivery and 
to the neonate after birth. 

PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients 
with impaired liver function, elderly patients, or those who are gravely ill may show early signs 
of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to 
metabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
of induction; it appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) If the rash is 
of a milder type (measles-like or scarlatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced 
phenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same 
patients. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 
reported. Phenytoin may also raise the serum glucose level in diabetic patients. 

Osteomalacia has been associated with phenytoin therapy and is considered to be due to 
phenytoin's interference with Vitamin D metabolism. 

Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. 
Appropriate diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and 
absence (petit mal) seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional states 


Dilantin 


Kapseals 


(extended phenytoin sodium capsules, USP) 


referred to as “delirium.” “psychosis,” or “encephalopathy,” or rarely irreversible cerebellar 
dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels are recommended. Dose 
reduction of phenytoin therapy is indicated if plasma levels are excessive; if symptoms persist, 
termination is recommended. (See Warnings.) 

Information for Patients: Patients taking phenytoin should be advised of the importance of 
adhering strictly to the prescribed dosage regimen, and of informing the physician of any clinical 
condition in which it is not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first 
seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or 
which phenytoin may affect. Serum level determinations for phenytoin are especially helpful 
when possible drug interactions are suspected. The most commonly occurring drug interactions 
are listed below: 1. Drugs which may increase phenytoin serum levels include: acute alcohol 
intake, amiodarone, chloramphenicol, chlordiazepoxide, diazepam, dicumarol, disulfiram, 
estrogens, H»-antagonists, halothane, isoniazid, methylphenidate, phenothiazines, 
phenylbutazone, salicylates, succinimides, sulfonamides, tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium ions 
which interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid 
preparations containing calcium should be staggered in patients with low serum phenytoin levels 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, 
sodium valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic 
acid, and sodium valproate serum levels is unpredictable. 

4. Althougn not a true drug interaction, tricyclic antidepressants may precipitate seizures in 
susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin 
include: corticosteroids, coumarin anticoagulants, 
digitoxin, doxycycline, estrogens, furosemide, oral 
contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may 
cause decreased serum levels of protein-bound iodine 
(PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may 
cause increased serum levels of glucose, alkaline phos- 
phatase, and gamma glutamyl transpeptidase (GGT). 
Carcinogenesis: See “Warnings” section for informa- 
tion on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug because 
phenytoin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered 
with phenytoin therapy are referable to this system and are usually dose-related. These include 
nystagmus, ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, 
insomnia, transient nervousness, motor twitchings, and headaches have also been observed. There 
have also been rare reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor 
and asterixis, similar to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has beén observed in patients receiving 
long-term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever have 
included scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most 
common; other types of dermatitis are seen more rarely. Other more serious forms which may 
be fatal have included bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens- 
Johnson syndrome, and toxic epidermal necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reported 
in association with administration of phenytoin. These have included thrombocytopenia, leuko- 
penia, granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow sup- 
pression. While macrocytosis and megaloblastic anemia have occurred, these conditions usually 
respond to folic acid therapy. Lymphadenopathy including benign lymph node hyperplasia, pseu- 
dolymphoma, lymphoma, and Hodgkin's Disease have been reported (see Warnings). 
Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis, and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptoms 
such as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic 
lupus erythematosus, immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimated 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are 
tremor, hyperreflexia, lethargy, slurred speech, nausea, vomiting. The patient may become 
comatose and nypotensive. Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where 
toxicity may occur. Nystagmus, on lateral gaze, usually eppears at 20 mcg/mL, ataxia at 30 
meg/mL, dysarthria and lethargy appear when the plasma concentration is over 40 mcg/mL, but 
as high a concentration as 50 mcg/mL has been reported without evidence of toxicity. As much 
as 25 times the therapeutic dose has been taken to result in a serum concentration over 100 
mcg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and 
appropriate supportive measures employed. Hemodialysis can be considered since phenytoin 
is not completely bound to plasma proteins. Total exchange transfusion has been used in the 
treatment of severe intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be 
borne in mind 


Caution — Federal law prohibits dispensing without prescription. 0362G028 
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As rare as a seizure on- 
Dilantin eerie: phenytoin sodium capsules, USP) 100 mg 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way: 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 ug/mL),? often with 
once-daily therapy (Dilantin? Kapseals®), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


- Dilantin 


References 

1. Ramsay RE, Wilder BJ, Berger jR, et al: A double-blind 
iparing Carbamazepine with phenytoin as initial 
rapy in adults. Neurology 19 


“Once in a blue moon” describes the phenomenon in which 
the moon appears as a brilliant blue. Seen worldwide following 
the voleanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 um in Please see adjacent page for brief summary 
diameter, form in abundance—an exceedingly rare event? of prescribing information 
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For a Smoother 
Therapeutic Course 

for Patients with 
Parkinson's Disease 
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(SELEGILINE HYDROCHLORIDE) 
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A Unique 
Mechanism in 
Parkinson’s 
Disease 
Therapy 


How to 
Initiate 
Eldepryl 
Therapy 


Uncomplicated 
Therapy 


e No titration required 

e Rx 10 mg/day 5 mg bid 
breakfast and lunch 

e No dietary restriction 


In patients taking levodopa/carbidopa 
Eldepryl’ can: 


Conserve dopamine two ways: 
e blocks dopamine inactivation by MAO-B: 
may block dopamine re-uptake at pre-synaptic receptor 


e makes more dopamine available to 
post-synaptic receptor 


Improve Symptom Control 


e reduce “on-off,” decrease tremor and sialorrhea, 
improve overall disability 


How to Initiate Eldepryl’ Therapy and Reduce Fluctuations 


A 


Curre a levodopa. 
carbidopa dose 


Eldepryl 





7 
i 






a 
4 


PEESI 


any T, 


TE 


TST 


WPS 


PS 


ee ae 


7 


r 


+ 


EES 





3 Somerset 
PHARMACEUTICALS, INC. 
DENVILLE, NJ 07834 


BRIEF SUMMARY 


CLINICAL PHARMACOLOGY: 

The mechanisms accounting for selegiline’s beneficial adjunctive action in the treatment of Parkinson's disease are 
Not fully understood. Inhibition of monoamine oxidase, type B, activity is generally considered to be of primary impor- 
tance; in addition, there is evidence that selegiline may act through other mechanisms to increase dopaminergic activity. 


INDICATIONS AND USAGE: 

ELDEPRYL is indicated as an adjunct in the management of Parkinsonian patients being treated with levodopa/car- 
bidopa who exhibit deterioration in the quality of their response to this therapy. There is no evidence from controlled 
Studies that selegiline has any beneficial effect in the absence of concurrent levodopa therapy. 

Evidence supporting this claim was obtained in randomized controlled clinical investigations that compared the ef- 
fects of added selegiline or placebo in patients receiving levodopa/carbidopa. Selegiline was significantly superior to 
placebo on all three principal outcome measures employed: change from baseline in daily levodopa/carbidopa 
dose, the amount of ‘off’ time, and patient self-rating of treatment success. Beneficial effects were also observed on 
other measures of treatment success (e.g., measures of reduced end of dose akinesia, decreased tremor and sialor- 
thea, improved speech and dressing ability and improved overall disability as assessed by walking and comparison 
to previous state). 


CONTRAINDICATIONS: 

ELDEPRYL is contraindicated in patients with a known hypersensitivity to this drug. 

WARNINGS: 

Selegiline should not be used at doses exi those recommended (10 mg/day) because of the risks 
associated with non-selective inhi of MAO. (See PHARMACOLOGY, 


The selectivity of selegiline for MAO B may not be absolute even at the recommended daily dose of 10 mg a day 
and selectivity is further diminished with increasing daily doses. The precise dose at which selegiline becomes a 
non-selective inhibitor of all MAO is unknown, but may be ein ml ob die acey: 

Because of reports of fatal interactions, MAOIs are ordinarily contraindicated for use with meperidine (DEMEROL & 
other tradenames). This warning is often extended to other opioids. Because the mechanism of interaction between 
MAOIs and meperidine is unknown, it seems prudent, in general, to avoid this combination. 

Definitive clinical data on the concomitant use of ELDEPRYL and fluoxetine hydrochloride (PROZAC) is not avail- 
able. Death has been reported to occur following the initiation of therapy with nonselective MAOI's (NARDIL, PAR- 
NATE) shortly after discontinuation of fluoxetine. To date, this reaction has not been reported with ELDEPRYL, 
however, since the mechanism of this reaction is not fully understood it seems prudent, in general, to avoid this com- 
bination. Because of the long half-lives of fluoxetine and its active metabolite, at least five weeks (approximately 5 
half-lives) should elapse between discontinuation of fluoxetine and initiation of MAO! therapy. Based on experience 
with the combined use of MAOIs and tricyclic antidepressants, at least 14 days should elapse between discontinua- 
tion of an MAOI and initiation of treatment with fluoxetine. 


PRECAUTIONS: 

General 

Some patients given selegiline may experience an exacerbation of levodopa associated side effects, presumably 
due to the increased amounts of ine reacting with super-sensitive post-synaptic receptors. These effects may 
often be mitigated by reducing the dose of levodopa/carbidopa by approximately 10 to 30%. 

The decision to prescribe selegiline should take into consideration that the MAO system of enzymes is complex 
and incompletely understood and there is only a limited amount of carefully documented clinical experience with se- 
legiline. Consequently, the full spectrum of possible responses to selegiline may not have been observed in pre-mar- 
keting evaluation of the drug. It is advisable, therefore, to observe patients closely for atypical responses. 

Information for Patients 
Patients should be advised of the possible need to reduce levodopa dosage after the initiation of ELDEPRYL therapy. 

Patients (or their families if the patient is incompetent) should be advised not to exceed the daily ate 
dose of 10 mg. The risk of using higher daily doses of selegiline should be explained, and a brief description of the 
‘cheese reaction’ provided. While hypertensive reactions with selegiline have not been reported, documented experi- 
ence is limited. Consequently, it may be useful to inform patients (or their families) about the signs and symptoms as- 
sociated with MAOI induced hypertensive reactions. In particular, patients should be urged to report, immediately, 
any severe headache or other atypical or unusual symptoms not previously experienced. 


Tests 
repels! laboratory tests are deemed essential for the management of patients on ELDEPRYL. Periodic routine 
evaluation of all patients, however, is appropriate. 
Drug Interactions 
No interactions attributed to the combined use of selegiline and other drugs have been reported. However, because 
the database of documented clinical experience is limited, the level of reassurance provided by this lack of adverse 
reporting is uncertain. (See WARNINGS and PRECAUTIONS.) 
ji is, Mutagenesis, and Impairment of Fertility 

Studies have not been performed to date to evaluate the carcinogenic potential of selegiline hydrochloride. 
pen Category C. Insufficient animal reproduction studies have been done with selegiline to conclude that se- 

iline poses no teratogenic risk. However, one rat study carried out at doses as much as 180 fold the recommend- 

human dose revealed no evidence of a teratogenic effect. It is not known whether selegiline can cause fetal harm 
when administered to a pregnant woman or can affect reproduction capacity. Selegiline should be given to a preg- 
nant woman only if clearly needed. 
Nursing Mothers $ 
It is not known whether selegiline hydrochloride is excreted in human milk. Because many drugs are excreted in hu- 
man milk, consideration should be given to discontinuing the use of all but absolutely essential drug treatments in 
nursing women. 


Pediatric Use 
The effects of selegiline hydrochloride in children have not been evaluated. 


ADVERSE REACTIONS: 
Introduction 
The number of patients who received selegiline in prospectively monitored pre-marketing studies is limited. While 
other sources of information about the use of selegiline are available (e.g., literature reports, foreign post-marketing 
reports, etc.) they do not provide the kind of information necessary to estimate the incidence of adverse events. 
Thus, overall incidence figures for adverse reactions associated with the use of selegiline cannot be provided. Many 
of the adverse reactions seen have been also reported as symptoms of dopamine excess. 

Moreover, the importance and severity of various reactions reported often cannot be ascertained. One index of rel- 
ative importance, however, is whether or not a reaction caused treatment discontinuation. In prospective pre-market- 
ing studies, the following events led, in decreasing order of frequency, to discontinuation of treatment with selegiline: 


- nausea, hallucinations, confusion, depression, loss of balance, insomnia, orthostatic hypotension, increased akinetic 


involuntary movements, aes arrhythmia, bradykinesia, chorea, delusions, hypertension, new or increased angi- 
na pectoris and syncope. Events repcrted only once as a cause of discontinuation are ankle edema, anxiety, burning 
lips/mouth, constipation, drowsiness/lethargy, dystonia, excess perspiration, increased freezing, gastrointestinal 
bleeding, hair loss, increased tremor, nervousness, weakness and weight loss. 

Experience with ELDEPRYL obtained in parallel, placebo controlled, randomized studies provides only a limited 
basis for estimates of adverse reaction rates. The following reactions that occurred with greater frequency among the 
49 patients assigned to selegiline as compared to the 50 patients assigned to placebo in the only parallel, placebo 
controlled trial performed in patients with Parkinson's disease are shown in the following Table. None of these ad- 
verse reactions (shown in table) led to a discontinuation of treatment. 


In all prospectively monitored clinical a enrolling approximately 920 patients, the following adverse 
events, classified by body system, were reported. 


_ CENTRAL NERVOUS SYSTEM: 


Motor/Coordination/Extrapyramidal: increased tremor, chorea, loss of balance, restlessness, blephorospasm, in- 
creased bradykinesia, facial grimace, falling down, heavy leg, muscle twitch", myoclonic jerks’, stiff neck, tardive 






dyskinesia, dystonic symptoms, dyskinesia, involuntary movements, freezing, festination, increased apraxia, muscle 
cramps. 

Mental Status/Behaviora atric: hallucinations, dizziness, confusion, anxiety, depression, drowsiness, behav- 
ior/mood change, dre i , tiredness, delusions, disorientation, lightheadedness, impaired memory’, in- 


creased energy’, transient high", hollow feeling, lethargy/malaise, apathy, overstimulation, vertigo, personality 
change, sleep disturbance, flamers weakness, transient irritability. 

Pain/Altered Sensation: headache, back pain, leg pain, tinnitus, migraine, supraorbital pain, throat burning, gener- 
alized ache, chills, numbness of toes/fingers, taste disturbance. 
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AUTONOMIC NERVOUS SYSTEM: 

dry mouth, blurred vision, sexual dysfunction. 
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orthostatic hypotension, tension, arrhythmia, palpi . New or increased angina pectoris, hypotension, 
tachycardia, peripheral edema, sinus bradycardia, syncope. 

GASTROINTESTINAL: 

nausea/vomiting, constipation, weight loss, anorexia, poor appetite, dysphagia, diarrhea, heartburn, rectal bieeding, 
bruxism’, gastrointestinal bleeding (exacerbation of preexisting ulcer disease). 
GENITOURINARY/GYNECOLOGIC/ENDOCRINE: 

slow urination, transient anorgasmia’, nocturia, prostatic hypertrophy, urinary hesitancy, urinary retention, decreased 
penile sensation’, urinary frequency. x 
SKIN AND APPENDAGES: 

increased sweating, diaphoresis, facial hair, hair loss, hematoma, rash, photosensitivity. 


MISCELLANEOUS: 
asthma, diplopia, shortness of breath, speech affected. 


POSTMARKETING REPORTS: 
The following experiences were described in spontaneous postmarketing reports. These reports do not provide suffi- 
cient information to establish a clear causal relationship with the use of ELDEPRYL. 
CNS: Seizure in dialyzed chronic renal failure patient on concomitant medications. 
“indicates events reported only at doses greater than 10 mg/day. 


INCIDENCE OF TREATMENT-EMERGENT ADVERSE EXPERIENCES IN 
THE PLACEBO-CONTROLLED CLINICAL TRIAL 


Number of Patients Reporting Events 








Adverse Event 


selegiline 
hydrochloride 
N=49 


Nausea 10 
Dizziness/Lightheaded/Fainting 7 
Abdominal Pain 4 
Confusion 3 
Hallucinations 3 
Dry mouth 3 
Vivid Dreams 2 
2 
2 
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placebo 


N=50 


Dyskinesias 
Headache 
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The following events were reported once in either or both groups: 


Ache, generalized 
Anxiety/Tension 
Anemia 

Diarrhea 

Hair Loss 
Insomnia 
Lethargy 

Leg pain 

Low back pain 
Malaise 
Palpitations 
Urinary Retention 
Weight Loss 


OVERDOSAGE: 

Selegiline 

No specific information is available about clinically significant overdoses with ELDEPRYL. However, experience 
ined during selegiline's development reveals that some individuals exposed to doses of 600 mg d,! selegiline suf- 

fered severe hypotension and psychomotor agitation 

Since the selective inhibition of MAO B by selegiline hydrochloride is achieved only at doses in the range recom- 
mended for the treatment of Parkinson's disease (e.g., 10 mg/day), overdoses are likely to cause significant inhibition 
of both MAO A and MAO B. Consequently, the signs and symptoms of overdose may resemble those observed with 
marketed non-selective MAO inhibitors [e.g., tranylcypromine (PARNATE), isocarboxazide (MARPLAN), and 
phenelzine (NARDIL)]. 

Overdose with Non-Selective MAO Inhibition 
NOTE: This section is provided for reference; it does not describe events that have actually been observed with se- 
legiline in overdose. 

Characteristically, signs and symptoms of non-selective MAOI overdose may not appear immediately. Delays of up 
to 12 hours between ingestion of drug and the appearance of signs may occur. Importantly, the peak intensity of the 
syndrome may not be reached for upwards of a day following the overdose. Death has been reported following over- 
dosage. Therefore, immediate hospitalization, with continuous patient observation and monitoring for a period of at 
least two days following the i ion of such drugs in overdose is strongly recommended. 

The clinical picture of I overdose varies considerably; its severity may be a function of the amount of drug 
consumed. The central nervous and cardiovascular systems are prominently involved. 

Signs and symptoms of overdosage may include, alone or in combination, any of the following: drowsiness, dizzi- 
ness, faintness, irritability, hyperactivity, agitation, severe headache, hallucinations, trismus, opisthotonus, convul- 
sions, and coma; rapid and irregular pulse, hypertension, hypotension and vascular collapse; precordial pain, 
respiratory depression and failure, hyperpyrexia, diaphoresis, and cool, clammy skin. 

Treatment Suggestions for Overdose 

NOTE: Because there is no recorded experience with om wep the seer suggestions are offered based 
upon the assumption that selegiline overdose may be by non-selective MAO! poisoni Aba oe 
date information about the treatment of overdose can often be obtained from a certified Ri Poison Control Cen- 
ter. Telephone numbers of certified Poison Control Centers are listed in the Physician's Reference (PDR). 

Treatment of overdose with non-selective MAOIs is symptomatic and supportive. Induction of emesis or gastric 
lavage with instillation of charcoal slurry may be helpful in early poisoning, provided the airway has been protected 
against aspiration. Signs and symptoms of central nervous system stimulation, including convulsions, should be 
treated with diazepam, given slowly intra . Phenothiazine derivatives and central nervous system stimulants 
should be avoided. Hypotension and vascular collapse should be treated with intravenous fluids and, if necessary, 
blood pressure titration with an intravenous infusion of a dilute pressor agent. It should be noted that adrenergic 
agents may produce a markedly increased pressor response. 

Respiration should be supported by appropriate measures, including management of the airway, use of 
supplemental oxygen, and mechanical ventilatory assistance, as required. 

Body temperature should be monitored closely. Intensive management of hyperpyrexia may be required. Mainte- 
nance of fluid and electrolyte balance is essential. 


DOSAGE AND ADMINISTRATION: 

ELDEPRYL is intended for administration to Parkinsonian patients receiving levodopa/carbidopa therapy who der 
strate a deteriorating response to this treatment. The recommended regimen for the administration of ELDEPR' 

10 mg per day administered as divided doses of 5 mg each taken at breakfast and lunch. There is no evidence that 
additional benefit will be obtained from the administration of higher doses. Moreover, higher doses should ordinarily 
be avoided because of the increased risk of side effects. 

After two to three days of selegiline treatment, an attempt may be made to reduce the dose of levodopa/car- 
bidopa. A reduction of 10 to 30% was achieved with the typical participant in the domestic placebo controlled trials 
who was assigned to selegiline treatment. Further reductions of levodopa/carbidopa may be possible during contin- 
ued selegiline therapy. 


ee ee oe N- oe 


eceoo=000++0=-+0 





August, 1990 011-25-P-103 


Néurology 





y 
ME T 


VOLUME 47 NUMBER 11 OVEMBER 1990 
Copyright © 1990 by the American Medical Association 
oe AEAN E tO ER en E E E E lds SEY Tapia Puch ase eae A O 1161 Average Monthly Circulation, 17 300 
The Management of Pain, (Bonica) Reviewed by Richard B. Patt, MD, 
Rochester, NY . . . The Neurobiology of Saccadic Eye Movements, Chief Editor 


(ed Wurtz, Goldberg) Reviewed by Jonathan C. Horton, MD, PhD, 

San Francisco, Calif . . . Neuroscience Critical Care: Pathophysiology 
and Patient Management, (Marshall, Marshall, Vos, Chestnut) Reviewed 
by Allan H. Ropper, MD, Boston, Mass ... Quantitative Imaging: 
Neuroceptors, Neurotransmitters, and Enzymes, (ed Frost, Wagner) 
Reviewed by Jean Bidlack, PhD, Rochester, NY 


LETTERS TO THE EDITOR: '.scisis.cccscsasestecaesgsucevevest tabcty edesscsosccndsacieetasentsingcsesnestbcvasees 1170 
Strokes Associated With Cocaine Use Alan J. Tuchman, MD, Michael Daras, 
MD, New York, NY . . . In Reply Paul M. Deringer, MD; Lewis L. Hamilton, 
MD; Mary Anne Whelan, PhD, MD,Cooperstown, NY .. . Rolling Chair Sign 
Malvin Cole, MD, Denver, Colo 


EDITORIAL 


The Practice of Neurology 
Matthew Menken, MD, Somerset, NJ ...c.ccccsssscsseesessseseesessseeseesessesseeseeeseeeeaneees 1173 


ORIGINAL CONTRIBUTIONS 


The Influence of Hyperglycemia and Diabetes Mellitus on Immediate and 
3-Month Morbidity and Mortality After Acute Stroke 
Jean Woo, MD, MRCP; Christopher W. K. Lam, PhD; 
Richard Kay, MC, MRCP; Alan H. Y. Wong, MB, MRCP; 
Robert Teoh, MD, FRCP; 
M. Gary Nicholls, MD, FRCP, FRACP, Hong Kong, China .u....ccccecsccesseeseeeseeeees 1174 


Circadian Variation in Onset of Acute Ischemic Stroke 
E. Eugene Marsh, III, MD; José Biller, MD; 
Harold P. Adams, Jr, MD, lowa City, lowa; 
John R. Marler, MD, Bethesda, Md; James R. Hulbert, PhD; 
Betsey B. Love, MD; David Lee Gordon, MD, lowa City, lowa  ......cccesecsereeeeee 1178 


Nontraumatic Coma: Glasgow Coma Score and Coma Etiology as Predictors 
of 2-Week Outcome 
Ralph L. Sacco, MD; R. VanGool, MD; J. P. Mohr, MD; 
WA Hauser: MDE Now York. NY a RR aavacee avi spicts cece Caadugack ida eise sa 1181 


Quantitative Electroencephalographic Correlates of Cognitive Decline in 
Normal Elderly Subjects 
Peter C. Williamson, MD; Harold Merskey, DM; Sandra Morrison, MA; 
Kiran Rabheru, MD; Hannah Fox, MB; Kim Wands; Cindy Wong, MSc; 
Vladimir Hachinski, MD, London, Ontario  ........cccccccseecesssseesseeeseseteesteesessceeesseeees 1185 


Screening for Early Dementia Using Memory Complaints From Patients 
and Relatives 
Jeanette McGlone, PhD; Shalini Gupta, PhD; Diane Humphrey, PhD; 
Stephen Oppenheimer, MD, FRCPC; Tom Mirsen, MD; 
David F Evans: PhD; London; ONTO: sisien oS oececeisecnttacduceeseleteysevesanasszee 1189 


Cerebrospinal Fluid as a Reflector of Central Cholinergic and Amino Acid 
Neurotransmitter Activity in Cerebellar Ataxia 

Bala V. Manyam, MD, Ezio Giacobini, PhD, Springfield, Ill; 

Thomas N. Ferraro, PhD, Theodore A. Hare, PhD, Philadelphia, Pa ........:..000 1194 


The ARCHIVES OF NEUROLOGY (ISSN 0003-9942) is published monthly by the American Medical Association, 
515 N State St, Chicago, IL 60610, and is an official publication of the Association. Second-class postage paid at 
Chicago and at additional mailing office. 


SUBSCRIPTION RATES—The subscription rates for the ARCHIVES OF NEUROLOGY are as follows: $66 for 
one year, $117 for two years in the United States and US possessions; other countries, one year, $76; two years, 
$137 for surface delivery. For expedited delivery to most countries, add $15 surcharge for one year, $30 for two 
years. (Rates for subscriptions for delivery to Japan or South Korea are available through exclusive agents— 
contact the publisher.) Special rates for residents and medical students in the United States and US 
possessions are available. Address inquiries to the American Medical Association, Circulation and Fulfillment 
Division, 515 N State St, Chicago, IL 60610. Phone: (312) 464-0183. 


Please address correspondence concerning accepted or published communications to: AMA Specialty Journals, 
515 N State St, Chicago, IL 60610. 





Robert J. Joynt, MD, PhD 
601 Elmwood Ave 
Rochester, NY 14642 
Associate Editors 
David Goldblatt, MD, Rochester, NY 
Viadimir Hachinski, MD, FRCPC 
London, Ontario 
Assistant Editors 
Richard Rudick, MD, Cleveland, Ohio 
Ira Shoulson, MD, Rochester, NY 
Book Review Editor 
Maurice Charlton, MD, Rochester, NY 
History Editors 
Robert Currier, MD, Jackson, Miss 
Richard Satran, MD, Rochester, NY 
Neurological Review Editors 
Richard Moxley Ill, MD, Rochester, NY 
Anne Young, MD, PhD, Ann Arbor, Mich 
Editorial Assistants 
Kathleen Joynt, Rochester, NY 
Nancy Baldwin, Rochester, NY 


EDITORIAL BOARD 
Robert H. Ackerman, MD, Boston, Mass 
Antonio Damasio, MD, PhD, lowa City, lowa 
David Drachman, MD, Worcester, Mass 
Alan I. Faden, MD, San Francisco, Calif 
David Goldblatt, MD, Rochester, NY 
Robert C. Griggs, MD, Rochester, NY 
John Growdon, MD, Boston, Mass 
Robert M. Herndon, MD, Portland, Ore 
Jun Kimura, MD, lowa City, lowa 
Robert B. King, MD, Syracuse, NY 
Harvey S. Levin, PhD, Galveston, Tex 
Matthew Menken, MD, New Brunswick, NJ 
John Moossy, MD, Pittsburgh, Pa 
George W. Paulson, MD, Columbus, Ohio 
James T. Robertson, MD, Memphis, Tenn 
Peritz Scheinberg, MD, Miami, Fla 
Marjorie E. Seybold, MD, La Jolla, Calif 
Arnold Starr, MD, Irvine, Calif 


James S. Todd, Executive Vice-President 


Kenneth E. Monroe, Deputy Executive Vice- 
President 


Larry E. Joyce, Senior Vice-President 


George D. Lundberg, MD, Vice-President, Scientific 
Information 


John T. Baker, Vice-President, Publishing 


Norman D. Richey, Director, Publication Production 
and Printing Division 


Dennis Joseph Dennehy, Director, Advertising Sales 
and Promotion Services Division 


Lee A. Parent, Director, Circulation-Fulfillment 
Division 


1155 





The linking medium between the surgeon’s 
experience and state-of-the-art advances for 
bone-working is the Midas Rex hands-on 
workshop. 


The most important part of the MIDAS REX® 
instrumentation is the surgeon’s hands. 


a 


= 
i 


UZ 
‘ AIO 


The instrument that lives up to its claims. . 


Midas Rex Pneumatic Tools, Inc. Midas Rex Institute / Hands-On Workshops Fort Worth, TX 800-433-763 





CONTENTS CONTINUED 


Magnetic Resonance Imaging of the Human Lateral Geniculate Body 
Jonathan C. Horton, MD, PhD; Klara Landau, MD; 
Philippe Maeder, MD; William F. Hoyt, MD, San Francisco, Calif ......c.cccce 1201 


Beevor’s Sign and Facioscapulohumeral Dystrophy 
Gavin |. Awerbuch, MD, Michael A. Nigro, DO, Detroit, Mich; 
Robin Wishaw, Farmington: Fils; MICH ....c0..00ic00s-onasscnscaorscnansstovascosaseanseceseseeses 1208 


IgG Reactivity in the Spinal Cord and Motor Cortex in Amyotrophic 
Lateral Sclerosis 
Jozsef |. Engelhardt, MD, Stanley H. Appel, MD, Houston, Tex .......:0:00e 1210 


Variable Expressivity in Familial Restless Legs Syndrome 
Arthur S. Walters, MD, New Brunswick, NJ; 
Daniel Picchietti, MD, Urbana, lll; 
Wayne Hening, MD, PhD, Lyons, NJ; 


Aea Lazzarinl: MS, Gama on NL oe eais mii ae iaaea docndssiutasscasostesessevectens 1219 
Long-term Effect of Dopaminergic Drugs in Restless Legs: A 2-Year Follow-up 

Christian von Scheele, MD, Viktor Kempi, PhD, MD, Sjukhuset, Sweden ........ 1223 
Asthma and Eczema in Children Born to Women With Migraine 

T. C. Chen, PhD, A. Leviton, MD, Bethesda, Md ou.......ccccseececcessesseceteceeeeeeeeeeeees 1227 
Hemifacial Spasm in Rochester and Olmsted County, Minnesota, 1960 to 1984 

Raymond G. Auger, MD, Jack P. Whisnant, MD, Rochester, Minn ........:.00:0000 1233 


Temporoparietal Cortex in Aphasia: Evidence From Positron Emission 
Tomography 
E. Jeffrey Metter, MD, Baltimore, Md; Wayne R. Hanson, PhD, 
Catherine A. Jackson, MA, Sepulveda, Calif; 
Daniel Kempler, PhD, Los Angeles, Calif; 
Diana van Lancker, PhD, Fargo, ND; John C. Mazziotta, MD, PhD, 
Michael E. Phelps, PhD, Los Angeles, Calif. .........scccscsssesssssscsssssssseseesccneseeseesenes 1235 


The Marinesco-Sjégren Syndrome Examined by Computed Tomography, 
Magnetic Resonance, and 18 F-2-Flouro-2-Deoxy-D-Glucose and 
Positron Emission Tomography 
Mark B. Bromberg, MD, PhD; Larry Junck, MD; Stephen S. Gebarski, MD; 
Michael J. McLean, MD, PhD; Sid Gilman, MD, Ann Arbor, Mich  ......:cccccs000 1239 


Unusual Cerebral Manifestations in Hereditary Fructose Intolerance 
P. Labrune, MD; S. Chatelon, MD; P. Huguet, MD; 
Mi ICN OVI IVIL CHANT ales piglie- T A tascusircsensovasecshevusptcescasescerasuncsves 1243 


NEUROLOGICAL REVIEW 


Background Review and Current Concepts of Reperfusion Injury 
John M. Hallenbeck, MD, Andrew J. Dutka, MD, Bethesda, Md ..........1..ccc00 1245 


OBSERVATIONS 


Aplasia Cutis Congenita and Arteriovenous Fistula: Case Report and Review 
Romaine Singman, MD; Shailesh Asaikar, MD; Gwendolyn Hotson, MD; 
Neil S: Prose; MD; BroGhd yr NY SaS dieses lad cove gratin edt hits EEE oepa aispa siapan 1255 


Retrovirus From Human T-Cell Leukemia Virus Type |-Associated Myelopathy 
Is the Same Strain as a Prototype Human T-Cell Leukemia Virus Type | 

Susumu Shirabe, MD, Tokyo, Japan; Tatsufumi Nakamura, MD; 

Mitsuhiro Tsujihata, MD; Shigenobu Nagataki, MD, Nagasaki, Japan; 

Motoharu Seiki, PhD, Mitsuaki Yoshida, PhD, Tokyo, Japan  .......cssesceeseeseeeeeee 1258 
INDEX TO ADVERTISERS 
CLASSIFIED ADVERTISING 
INSTRUCTIONS FOR AUTHORS _ 00... eects See October 1990 issue, p 1054 





CHANGE OF ADDRESS—POSTMASTER, send all address changes to ARCHIVES OF NEUROLOGY. 
Attention: Subscription Department, 515 N State St, Chicago, IL 60610. Notification of address change must be 
made at least six weeks in advance, include both old and new addresses, a recent mailing label, and your zip 
code. 


ADVERTISING OFFICES: Eastern: 600 Third Ave, Suite 3700, New York, NY 10016 (Representative: Donald 
Blatherwick [212-867-6640]), Midwest/Farwest: 515 N State St, Chicago, IL 60610 (Manager: Thomas J. Carroll 
[312-464-2472] Representative: John P. Cahill, Farwest). 


ADVERTISING PRINCIPLES: Each advertisement in this issue has been reviewed and complies with the 
principles of advertising in AMA scientific publications. A copy of these principles is available on request. The 
appearance of advertising in AMA publications is not an AMA guarantee or endorsement of the product or the 
claims made for the product by the manufacturer. 


The ARCHIVES OF NEU- 
ROLOGY is a member of the 
consortium of AMA journals 
listed below. The Archives 
reaches more than 17300 
readers in 85 countries each 
month. The complete text of 
all AMA journals is available 
on the MEDIS database from 
Mead Data Central, Dayton, 
Ohio. 


JA M A aaaea E E Association 
AJDC Biseases of chidren 
archives of 
Dermatology 
archives of 
General Psychiatry 
archives of 
Internal Medicine 
archives of 
Neurology 
archives of 


Ophthalmology 


archives of 

Otolaryngology—Head 
& Neck Surgery 
archives of 


Pathology 
& Laboratory Medicine 


archives of 


Surgery 





PUBLICATION STAFF 
515 N State St, Chicago, IL 60610 


Michael D. Springer, Managing Editor and Director, 
AMA Specialty Journals 

Julie Foreman, Associate Editor 

Marlene M. Hinsch, Production Manager 

M. Kathleen Berka, Mary C. Steermann, Assistant 
Production Managers 

Nawin Gupta, Electronic Manager 

Cheryl Iverson, Editorial Processing Manager 

Paula Glitman Stone, Assistant Editorial 

Processing Manager 

Dennis J. Shipley, Permissions and Graphic Design 
Manager 

Electronic Coordinator: Mary Ellen Johnston 

Staff Assistants: Diane Darnell, Bonnie Van Cleven 
Copy Editing: Edward Jyvaskyla (Supervisor), Vickey 
Golden (Free-lance Coordinator), Paul Frank (Senior 
Copy Editor), Hemranee Bhoyroo, Dee E. Egger, 
Donald N. La Petina, Barbara Wojtowicz 

Production Supervisors: Barbara Clark (Proofread- 
ing), Betty Frigerio (Advertising), Thomas J. Handrigan 
(Illustrations), JoAnne Weiskopf (Layout) 
Proofreading: Margaret Johnson, Teresa H. Omiotek, 
Jennifer Reiling 

Production Associate: Susan Price 

Art and Senior Production Assistants: Melinda 
Arcabos, Karen Branham, Anita Henderson, Leslie 
Koch, Debra Lucas, Christine L. Metzler, Juliana K. 
Mills, Dorothy Patterson, Debbie Pogorzelski, E. Ruth 
White 

Production Assistants: Brenda Chandler, Sandra 
Sanders 

Manuscript Records: Angelia D. Jones 
Administrative Assistant: A. Tara Wehnes 
Department of Scientific and Socioeconomic 
Indexing: Norman Frankel (Director), George Kruto, 
Susan McClelland, Mary Kay Tinerella 


Thomas J. Carroll, Director, Department of Promotion 
Raymond Christian, Director, Advertising Services 
Department 


1157 


TRIGGERS 
MIGRAINE’ 





1158 





ABORTS 
MIGRAINE 





4,| Cafergot 
~~ (egoiamine rae d 
A and caffeine} Tableis/Supposiiories 


e @ Highly Effective: j 
Aborts migraines before they start J 
Stops migraines in progress j 

> 


è Reliable and Predictable 


z o The choice from the start ; 
, 


*MSG, a common additive in Chinese cooking, may precipitate 
migraine attacks in susceptible individuals. 


Please see following page for brief summary of prescribing information. 





n, E. Hanover, NJ 07936 (201) 503-7500 © 1990 Sandoz Pharmaceuticals Corporation 


SANDOZPHARMACEUTICALS CAF-0690-01 
Corporatio H 





1159 


= 


CAFERGOT® CAFERGOT” P-B 


(aso aina tartrate and caffeine) tablets, USP TABLETS AND SUPPOSITORIES 
ergotamine tartrate and caffeine) suppositories, USP 


DESCRIPTION 
CAFERGOT® — 


INDEX TO ADVERTISERS 









Inactive Ingred 
benzoate, sorbitol, starch, stearic acid, sucrose, synthetic k ferric oxide, synthetic red ferric oxide, 
synthetic yellow ferric oxide, talc, tartaric acid and titanium dioxide. 
ou 
ine tartrate, USP . 
ine, USP . 
Inactive ingredients: tartaric acid, NF, and cocoa butter, NF. 
CAFERGOT® P-B — 
Tablet: 


Anesthesiology Alumni Association 


ti gir tartrate, USP 
Bellafoline® (levor 
pentobarbital sodium, USP . 
Warning: May be habit for 











Inactive Ingredients: acacia, carnauba wax, color additives including D&C Yellow #10, FD&C Blue #1, 
FD&C Yellow #6 (Sunset Yellow), lactose, malic acid, mixed parabens, povidone, sodium benzoate, starch, 
stearic acid, sucrose, talc, tartaric acid and titanium dioxide. 


Bascom Palmer Eye Institute 
Berlex Imaging 1216A-B, 1217-1218 





Warning: May be habit forming. 
Inactive Ingredients: tartaric acid, NF, malic acid, NF, and cocoa butter, NF. 


Cafergot Suppositories and Cafergot P-B Suppositories are sealed in foil to afford protection from 
butter leakage. If an unavoidable period of exposure to heat softens the suppository, it should be chilled 
in ice-cold water to solidify it before removing the foil. 


ACTIONS: Ergotamine is an alpha adrenergic Blocking agent with a direct stimulating effect on the smooth 
muscle of peripheral and cranial blood vessels and produces depression of central vasomotor centers. 
The compound also has the properties of serotonin antagonism. In comparison to hydrogenated ergotamine, 
the adrenergic blocking actions are less pronounced vasoconstrictive actions are greater. 
Paetai also a cranial vasoconstrictor, is added to further enhance the vasoconstrictive effect without 
of increasing ergotamine dosage. 
i ereen individuals experiencing excessive nausea and vomiting during migraine attacks the further addition 
of the anticholinergic and antiemetic alkaloids of belladonna and peni rbital for reduction of nervous 
Mi jedara p nts and di ks, maki ible 
lany migraine patients experience excessive nausea vomiting during attacks, it impossi : 
for them nica ony oral peice In such canes: theretor, the oniy practical means ot medication F.A. Davis Company 
is through the rectal route where medication may re: cranial vessels directly, evadi lanchnic ; 
EN oud ne tet y j diais Du Pont Pharmaceuticals . . 1162-1164 


INDICATIONS 





t 
Indicated as therapy to abort or prevent vascular headache, e.g., migraine, migraine variants, or so- 
called “histaminic copnalaigia 
t P-B 
Indicated as therapy to abort or prevent vascular headache complicated by tension and gastrointestinal 
disturbances. 


CONTRAINDICATIONS: Peripheral vascular disease, coronary heart disease, hypertension, impaired hepatic 
or renal function, sepsis pregnancy. 

Hypersensitivity to any of the components. 
PRECAUTIONS: Although signs and symptoms of ergotism rarely develop even after long term intermittent 
use of abhi or rectally administered drugs, care should be ipee dit to remain within the limits of 
recomme! 

Ergotism is manifested by intense arterial vasoconstriction, producing signs and sym) 
vascular ischemia. Ergotamine induces vasoconstriction by a direct action on vascular si shan 
In chronic intoxication with ergot derivatives, headache, intermittent claudication, muscle pains, numbness, 
panats end pallor of the digits may occur. If the condition is allowed to progress untreated, gangrene 
can resul 

While most cases of ergotism associated with ergotamine treatment result from frank overdosage, some 
cases have involved apparent h personsiay There are few reports of ergotism among patients taking 
doses within the recommended limits or for a periods of time. In rare instances, patients, particularly 
those who have used the maoan indiscriminately over long periods of time, may display withdrawal 
symptoms consisting of rebound headache upon discontinuation of the drug. 

There have been reports of drug abuse and psychological dependence in patients on Cafergot® (ergotamine 
tartrate and caffeine) therapy. Due to the chronic | of vascular headaches, it is imperative that patients 
be advised not to exceed recommended dosages with long-term use to avoid ergotism. 


Geigy Pharmaceuticals ... 1282A-B 
GenDerm Corporation . 1167-1168 








Eli Lilly & Company 








ADVERSE REACTIONS: Vasoconstrictive complications, at times, ola serious paturo, n may occur 1 These include Midas Rex Institute . 
ssness, weakness, muscle pains and paresthesias extremi precor istress . . 

pain Although these effects occur most commonly with long-term therapy at relatively high doses, they Miles Pharmaceuticals . 
ave also been reported with short-term or normal doses. Other adve! deise otona iicmade Wensinrn tao hy ree 


or bradycardia, nausea, vomiting, localized edema and itching. Drowsiness may occur with Cafergot® P-B. 


DOSAGE AND ADMINISTRATION 
Procedure: For the best results, dosage should start at the first sign of an attack— 


PRODROMAL PHASE| PAIN PHASE 


2 tablets at start of attack; | additional tablet ki 
every 4 hour. if needed for full relief Osler Institute 


o 


1 suppository at start of attack; second sup- 
lpository after | hour, if needed for full relief 


A o AÀ Parke-Davis ... 
) | Sandoz Pharmaceuticals . 


Early Administration Gives Maximum Effectiveness 


ORALLY 


.. 1168A-B, 1169, Cover 3-Cover 4 
PAPAA EE AE .... 1158-1160,1231 





RECTALLY 





MAXIMUM ADULT DOSAGE 

Orally: Total dose for any one attack should not exceed 6 tablets. 

Rectally: Two suppositories is the maximum dose for an individual attack. 
Total weekly dosage should not exceed 10 tablets or 5 suppositories. > 
In carolully selected patients, with due consideration of maximum dosage recommendations, administration Somerset Pharmaceuticals Cover 2-1154 

of the drug at bedtime may be an appropriate short-term preventive measure. 


OVERDOSAGE: The toxic effects of an acute overdosage of mie (ergotamine tartrate and caffeine} 
are due primarily to the ergotamine com; nok The amount of caffeine is such an its toxic effects wil 
be overshadowed by those of ergotamine. ms include vomi , numbness, ti pain and cyanosis 


of the extremities associated with diminish ed oF absent perme ‘pulses; hyper hypotension; 
drowsiness, stupor, coma, convulsions and shock. A case Seen reported of reversible bilateral papillitis 
witing scotomata in a patient who received five times the recommended daily adult dose over a period 
14 days. : 
Treatment consists of removal of the offending drug by induction of emesis, gastric lavage, and catharsis. Wyeth-Ayerst Laboratories 1221-1222 
Maintenance of adequate parong ventilation, correction of h jion, and control of convulsions are 
important considerations. Treatment of peripheral vasospasm id consist of warmth, but not heat, and 


ion of the ischemic limbs. Vasodilators may be used with benefit but caution must be exercised 
to avoid aggravating an already existent hypotension. | 


HOW SUPPLIED 
S BORE shell pink colored, sugar coated, imprinted “CAFERGOT" on one side, ` Â" other 
S of 250 and cartons of three SigPak® (dispensing unit) packages, each containing 30 whens 
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Saiao 78-33 SANDOZ”. Boxes of Pa J è A : y or omission in the preparation of this index. 
Gero! gills 4 Tablets: bright jar ae imprinted "78-36" on one side, “ Æ" other side. Bottles 
ie and cartons of three igPak® dispensing unit) packages, each containing 30 tablets in individual 
rs. 
Cafergot P-B Haya seerper sealed in blue aluminum foil, imprinted " CAFERGOT P-B SUPPOSITORY 
78-35 SANDO; xes of 12. ik Å 
[CAF-Z24 MAY 15, 1987] 
PRINTED IN USA © 1988 Sandoz Pharmaceuticals Corporation | 
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CEREBROSELE 





CAPSULES 


nimodipine/Miles 


30 Mg 





NIMOTOP REDUCES THE INCIDENCE OF CEREBRAL 
INFARCTION FOLLOWING SUBARACHNOID HEMORRHAGE 





BRIEF SUMMARY 
NIMOTOP® (nimodipine/Miles) CAPSULES 
For Oral Use 


INDICATIONS AND USAGE 

Nimotop® (nimodipine) is indicated for the improvement of neurological deficits due to spasm 
following subarachnoid hemorrhage from ruptured congenital intracranial aneurysms in patients 
who are in good neurological condition post-ictus (e.g. Hunt and Hess Grades III). Oral 
Nimotop? therapy should begin within o6 kais of the subarachnoid hemorrhage and continue 
for 21 days. 


CONTRAINDICATIONS 


None known. 


PRECAUTIONS 

General: Blood Pressure: Nimodipine has the hemodynamic effects expected of a calcium 
channel blocker, although they are generally not marked. In patients with subarachnoid hemor- 
rhage given Nimotop® in clinical studies, about 5% were reported to have had lowering of the 
blood pressure and about 1% left the study because of this (not all could be attributed to 
nimodipine). Nevertheless, blood pressure should be carefully monitored during treatment with 
Nimotop® based on its known pharmacology and the known effects of calcium channel blockers. 

Hepatic Disease: The metabolism of Nimotop® is decreased in patients with impaired hepatic 
function. Such patients should have their blood pressure and puke rate monitored closely and 
should be given a lower dose (see Dosage and Administration). 

ratory Test Interactions: None known. 

Drug Interaction: It is possible that the cardiovascular action of other calcium channel 
blockers could be enhanced by the addition of Nimotop®. 

In Europe, Nimotop® was observed to occasionally intensify the effect of antihypertensive 
SEE 9 concomitantly by patients suffering from hypertension: this phenomenon was 
not observed in North American clinical trials. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two-year study, higher incidences 
of adenocarcinoma of the uterus and Leydig-cell adenoma of the testes were observed in rats 
given a diet containing 1800 ppm nimodipine (equivalent to 91 to 121 mg/kg/day nimodipine) 
than in placebo controls. The differences were not statistically significant; however, the higher 
rates were well within historical control range for these tumors in the Wistar strain. Nimodipine 
was found not to be carcinogenic in a 9l-week mouse study but the high dose of 1800 ppm 
nimodipine-in-feed (546 to 774 mg/kg/day) shortened the life expectancy of the animals. 
Mutagenic studies, including the Ames, micronucleus and dominant lethal tests were negative. 

Nimodipine did not impair the fertility and general reproductive performance of male and 
female Wistar rats following oral doses of up to 30 mg/kg/day when administered daily for more 
than 10 weeks in the males and 3 weeks in the females prior to mating and continued to day 7 of 
pregnancy. This dose in a rat is about 4 times the equivalent clinical of 60 mg q4h in a 50 kg 
patient. 

ncy: Pregnancy Category C. Nimodipine has been shown to have a teratogenic effect 
in Himalayan rabbits. Incidences of malformations and stunted fetuses were increased at oral (by 
gavage) doses of 1 and 10 mg/kg/day administered from day 6 through day 18 of pregnancy but not 
at 3.0 mg/kg/day in one of two identical rabbit studies. In the second study an increased incidence 
of stunted fetuses was seen at 1.0 mg/kg/day but not at higher doses. Nimodipine was embryo- 
toxic, causing resorption and stunted growth of fetuses, in Long Evans rats at 100 mg/kg/day 
administered by gavage from day 6 through day 15 of pregnancy. In two other rat studies, doses of 
30 mg/kg/day nimodipine administered a gavage from day 16 of gestation and continued until 
sacrifice (day 20 of pregnancy or day 21 post partum) were associated with higher incidences of 
skeletal variation, stunted fetuses and stillbirths but no malformations. There are no adequate 
and well controlled studies in pregnant women to directly assess the effect on human fetuses: 
Nimod ine should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 

Nursing Mothers: Nimodipine and/or its metabolites have been shown to appear in rat milk 
at concentrations much higher than in maternal plasma. It is not known whether the drug is 
excreted in human milk. Because many drugs are excreted in human milk, nursing mothers are 
advised not to breast feed their babies when taking the drug. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

Adverse experiences were reported by 92 of 823 patients with subarachnoid hemorrhage 
(11.2%) who were given nimodipine. The most frequently reported adverse experience was 
decreased blood pressure in 4.4% of these patients. Twenty-nine of 479 (6.1%) placebo treated 
patients also reported adverse experiences. The events reported with a frequency greater than 1% 
are displayed below by dose. 


DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg 
Sign/Symptom (n= 82) (n=71) (n= 494) (n=172) (n=4) (n= 479) 
Decreased 
Blood Pressure 1 (1.2) 0 19 (3.8) 14 (8.1) 2(50.0) 6(1.2) 
Abnormal Liver 
Function Test 1 (1.2) 0 2 (0.4) 1 (0.6) 0 7 (1.5) 
ma 0 0 2 (0.4) 2(1.2) 0 3 (0.6) 
Diarrhea 0 3 (4.2) 0 3(1.7) 0 3 (0.6) 
Rash 2 (2.4) 0 3 (0.6) 2(12) 0 3 (0.6) 
Headache 0 1 (1.4) 6 (1.2) 0 0 1 (0.2) 
Gastrointestinal 
Symptoms 2 (2.4) 0 0 2(1.2) 0 0 
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DOSE q4h 
Number of Patients (%) 
Nimodipine Placebo 
0.35 mg/kg 30mg 60 mg 90 mg 120 mg 

Sign/Symptom (n=82) (n=71) (n=494) (n=172) (n=4) (n= 479) 
Nausea 1 (1.2) 1 (1.4) 6 (1.2) 1(0.6) 0 0 
Dyspnea 1 (1.2) 0 0 0 
EKG 

Abnormalities 0 1 (1.4) 0 1(0.6) 0 0 
Tachycardia 0 1 (1.4) 0 0 0 0 
Bradycardia 0 0 5 (1.0) 1(0.6) 0 0 
Muscle Pain/Cramp 0 1 (1.4) 1 (0.2) 1(0.6) 0 0 
Acne 0 1 (1.4) 0 0 0 0 
Depression 0 1 (1.4) 0 0 0 0 


There were no other adverse experiences reported by the patients who were given 0.35 mg/kg 
q4h, 30 mg gh or 120 mg q4h. Adverse experiences with an incidence rate of less than 1% in the 
60 mg q4h dose group were: hepatitis; itching; gastrointestinal hemorrhage; thrombocytopenia; 
anemia; palpitations; vomiting; flushing; diaphoresis; wheezing; phenytoin toxicity; lighthea- 
dedness; dizziness; rebound vasospasm; jaundice; hypertension; hematoma. 

Adverse experiences with an incidence rate less than 1% in the 90 mg q4h dose group were: 
itching; gastrointestinal hemorrhage; thrombocytopenia; neurological deterioration; vomiting; 
diaphoresis; congestive heart failure; hyponatremia; decreasing platelet count; disseminated 
intravascular coagulation; deep vein thrombosis. 

As can be seen from the table, side effects that appear related to nimodipine use based on 
increased incidence with higher dose or a higher rate compared to placebo control, included 
decreased blood pressure, edema and headaches which are known pharmacologic actions of 
calcium channel blockers. It must be noted, however, that SAH is frequently accompanied by 
alterations in consciousness which lead to an under reporting of adverse experiences. Patients 
who received nimodipine in clinical trials for other indications reported flushing (2.1%), 
headache (4.1%) and fluid retention (0.3%), typical responses to calcium channel blockers. As a 
calcium channel blocker, nimodipine may have the potential to exacerbate heart failure in 
susceptible patients or to interfere with A-V conduction, but these events were not observed. 

No clinically significant effects on hematologic factors, renal or hepatic function or carbohy- 
drate metabolism on been causally associated with oral nimodipine. Isolated cases of non-fast- 
ing elevated serum glucose levels (0.8%), elevated LDH levels (0.4%), decreased platelet counts 
(0.3%), elevated alkaline phosphatase levels (0.2%) and elevated SGPT levels (0.2%) have been 
reported rarely. 

OVERDOSAGE 

There have been no rts of overdosage from the oral administration of Nimotop®. Symp- 
toms of overdo would be expected to be related to cardiovascular effects such as excessive 
peripheral vasodilation with marked systemic hypotension. Clinically significant hypotension 
due to Nimotop® overdosage may require active cardiovascular support. Norepinephrine or 
dopamine may be helpful in restoring blood pressure. Since Nimotop?® is highly protein-bound, 
dialysis is not likely to be of benefit. 

DOSAGE AND ADMINISTRATION 

Nimotop® is given orally in the form of ivory colored, soft gelatin 30 mg capsules for subarach- 
noid hemorrhage. 

The oral dose is 60 mg (two 30 mg capsules) every 4 hours for 21 consecutive days. Oral 
Nimotop® therapy should commence within 96 hours of the subarachnoid hemorrhage. 

If the capsule cannot be swallowed, e.g., at the time of surgery, or if the patient is unconscious, 
a hole should be made in both ends of the capsule with an 18 gauge needle, and the contents of the 
capsule extracted into a syringe. The contents should then be emptied into the patient's in situ 
naso-gastric tube and washed down the tube with 30 mL of normal saline (0.9%). 

Patients with hepatic failure have substantially reduced clearance and approximately doubled 

. Dosage should be reduced to 30 mg every 4 hours, with close monitoring of blood pressure 
and heart rate. 
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Calendar 


1990 
Nov 4-10 


Dec 4-6 


1991 
Jan 18-19 


20-26 


31-Feb 2 


Feb 8-10 


15-17 


18-20 


20-23 


22-24 


March 16-20 


17-23 


18-20 


21-33 
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CALENDAR OF MEETINGS 


The Joint Convention of the Fifth International Child Neurology Congress and the Third Asian and 
Oceania Congress of Child Neurology, Chiba,Japan. Contact The Secretariat, c/o Simul Interna- 
tional Inc, Kowa Bldg No. 9, 8-10 Akasaka 1-chome, Minato-ku, Tokyo 107, Japan. 

Acute and Chronic Infections Affecting Brain Dysfunction and Behavior, Westin Hotel, Vancouver, 
British Columbia. Contact Ann McCormick, Southern California Neuropsychiatric Institute, 6794 La 
Jolla Blvd, La Jolla, CA 92037; (619) 454-2102. 

“Neuro-Oncology Update,” New York, NY. Contact Roberto Fuenmayor, Continuing Medical Ed- 
ucation Office, Memorial Sloan-Kettering Cancer Center, 1275 York Ave, New York, NY 10021; 
(212) 639-6754. 

“International Congress on Stress and Related Disorders,” Modena, Italy. Contact Scientific Sec- 
retariat, University of Modena, Via del Pozzo 71, 41100 Modena, Italy. 
Neurological / Neurosurgical Critical Care Course, The Ritz Carlton Hotel, Boston, Mass. Contact 
Mr Norman Schostak, Harvard Medical School, Department of Continuing Education, 25 Shattuck 
St, Boston, MA 02115. 

Fourth Course in Spanish of the American Academy of Neurology, Orlando, Fla. Contact Office of 
Continuing Education, State University of New York Health Science Center at Syracuse, 750 East 
Adams St, Syracuse, NY 13210; (315) 473-4606. 

“Family Caregiving Across the Lifespan,” Cleveland, Ohio. Contact May L. Wykle, University Cen- 
ter on Aging and Health, Case Western Reserve University, Cleveland, OH 44 106; (2 16) 368-2692. 
“Treatment of Obesity: A Multidisciplinary Approach,” Copley Plaza Hotel, Boston Mass. Contact 
Harvard Medical School, 641 Huntington Ave, Boston, MA 02115; (617) 432-1525. 

1990 Neuro-Ophthalmology Course, Miami, Fla. Contact University of Miami Schoo! of Medicine, 
Bascom Palmer Eye Institute, PO Box 0-15869, Miami, FL; (305) 326-6099. 

30th annual meeting of the American Society for Cell Biology, San Diego, Calif. Contact Bruce Davis, 
Academia Book Exhibits, 3925 Rust Hill PI, Fairfax, VA 22030; (703) 691-1109. 


Annual Meeting of the American Academy of Pain Medicine, Clarion Castle Hotel and Resort, Miami 
Beach, Fla. Contact American Academy of Pain Medicine, 5700 Old Orchard Rd, First Floor, Sko- 
kie, IL 60077-1024; (708) 965-2776. 

18th Annual Meeting of the Southern Clinical Neurological Society, Camino Real Hotel, Cancun, 
Mexico. Contact Millie F. Walden, Executive Secretary, 3425 SW Second Ave, Suite 154, Gaines- 
ville, FL 32607; (904) 373-9765. 

14th annual course, ‘“‘Neurology for Nonneurologists,’’ Omni San Diego (Calif) Hotel. Contact Edith 
S. Bookstein, Neurology for Nonneurologists, PO Box 2586, La Jolla, CA 92038; (619) 454-3212. 
“Clinical Neurology for Psychiatrists,” Bahia Mar Resort, Ft Lauderdale, Fla. Contact Office of 
Continuing Medical Education, Albert Einstein College of Medicine / Montefiore Medical Center, 111 
E 210th St, Bronx, NY 10461; (212) 920-6676. 

Sixth Meeting of The International Study Group of the Pharmacology of Memory Disorders Asso- 
ciated with Aging, Zurich, Switzerland. Contact Professor Richard J. Wurtman, Bidg E25-604, 
Whitaker College, Massachusetts Institute of Technology, Cambridge, MA 02139. 

The 24th Annual Recent Advances in Neurology, San Francisco, Calif. Contact Extended Programs 
in Medical Education, University of California, Room C-124, San Francisco, CA 94143-0742; (415) 
476-4251. 

Fifth International Symposium on Intracranial Hemodynamics: Transcranial Doppler and Cerebral 
Blood Flow and Other Modalities, Hyatt Regency Embarcadero Center, San Francisco, Calif. Con- 
tact Conference Coordinator, Institute of Applied Physiology and Medicine, 701 16th Ave, Seattle, 
WA 98122; (206) 442-7330. 

“The Practicing Physician’s Approach to the Difficult Headache Patient,” Wyndham Hotel, Palm 
Springs, Calif. Contact Ms Idell Applebaum, Diamond Headache Clinic Research and Educational 
Foundation, 5252 N Western Ave, Chicago, IL 60625; (312) 878-5558. 

“Clinical Neurology for Psychiatrists,” Fisherman’s Wharf Holiday Inn, San Francisco, Calif. Con- 
tact Office of Continuing Medical Education, Albert Einstein College of Medicine / Montefiore Med- 
ical Center, 111 E 210th St, Bronx, NY 10461; (212) 920-6676. 

Fifth Annual Magnetic Resonance Imaging Conference, Marriott’s Camelback Inn, Scottsdale, Ariz. 
Contact Kevin King, Education Coordinator, Radiologic Education Center, St Joseph's Hospital and 
Medical Center, 350 West Thomas Rd, Phoenix, AZ 85013; (602) 285-3956. 

24th Latin American Congress of Neurosurgery, Miami, Fla. Contact Sergio Gonzalez-Arias, MD, 
8950 N Kendall Dr, Suite 406, Miami, FL 33176; (305) 271-6159. 

“Spectrum of Developmental Disabilities: Cerebral Palsy: Issues of Early Detection and Interven- 
tion,” The Johns Hopkins Medical Institutions, Baltimore, Md. Contact Program Coordinator, The 
Johns Hopkins Medical Institutions, Office of Continuing Education, Turner Building, 720 Rutland 
Ave, Baltimore, MD 21205; (301) 955-2959. 

“Recent Advances in Neurology and Neurosurgery,” Scottsdale, AZ. Contact Toby A. Jardine, 
Manager, Administration, Barrow Neurological Institute, 350 W Thomas Road, Phoenix, AZ 85013; 
(602) 285-3178. 
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Grand Rounds 
on Medical 
Malpractice 


e A primary resource book in medical 
liability and risk management 


© Suitable for individual or group study 
e AMA PRA Category 1 CME credit 


Each chapter includes a medical case scenario, discussion questions, a 
thorough exposition of the chapter topic, selected articles reprinted from 


the medical literature, and an annotated bibliography. 


Grand Rounds was written by Francis X. Campion, MD, with the Risk 
Management Foundation of the Harvard Medical Institutions. The 
Harvard Medical School has incorporated Grand Rounds into its 1990-91 


curriculum. 


Order Grand Rounds on Medical Malpractice today. Call toll-free 


1-800-621-8335 


Grand Rounds on Medical Malpractice, (OP 630690) soft cover, 360 pages. 
AMA member price: $40.00; non-member price: $55.00. 


The CME Test Packet for Grand Rounds on Medical Malpractice (OP 630890) 
offers seven tests; two Category 1 CME credits per test. Purchased with book: $5.00; 
purchased alone: $10.00. Test administration: $30. 


Build a strong foundation 
in the fundamentals 
of medical liability 


and risk management. 





Introducing: 


HIV Infection 
and Disease 


Monographs for Physicians 


and Other Health Care Workers 


HIV Disease is a major health care 
challenge to physicians and other 
medical professionals. With an 
estimated 1.5 million Americans 
infected with HIV, you must stay 
informed. No other single resource 
can give you more practical 
information quickly and concisely. 


Asingle, practical resource 
HIV Infection and Disease 
provides authoritative, practical 
information. These 16 monographs 
are in a highly concentrated form. 
Since each monograph takes about 
an hour to read, it’s an excellent 
self-study tool. 


This single resource 
includes information 
about: 

e HIV and Features of Its Infection 

e The Use of Anti-Retroviral 
Therapy for the Treatment of 
AIDS and Related Disorders 

e Alternative Therapies 

e Physicians and Home Health 
Care for Patients with AIDS 

e Ethical Issues in AIDS and HIV 
Infection 


Rely on the opinion of 
experts 

HIV Infection and Disease features 
a forward by C. Everett Koop, MD, 


Complete and mail this form along with your payment to: 
Book & Pamphlet Fulfillment/OP014690, American Medical 
Association, PO. Box 10946, Chicago, IL 60610-0946 


Please send me: 
(AMA Member) 


(Non-member ) 


Add sales tax (CA, DC, IL, NY only) 


Phone orders: Call toll free: 1-800-621-8335. 


copies @ $10.00 ea. 


Total 


HIV 


| Infection f| 


Monographs for Physicis 
and Other Health Care Work 


ScD, former Surgeon General, 
United States Public Health Service 
(1981-1989). Each monograph 
presents authoritative information 
on HIV, written and reviewed by 
a panel composed of such leading 
authorities as Dani P Bolognesi, 
PhD, Samuel Broder, MD, Anthony 
S. Fauci, MD, Harold W. Jaffe, MD, 
and Jay A. Levy, MD. 


Gain proficiency in HIV diagnosis 
and treatment ... order your copy 
of HIV Infection and Disease today. 


Address 


copies @ $8.00 ea. 


City/State/Zip 


For information on quantity discounts, call the AMA Order 


Department, 312-280-7168. 


* Please allow 4-6 weeks for delivery * Prices subject to change without notice 


* Payment must accompany order 


MasterCard 


Please indicate method of payment: 


Enclosed is my check payable to: American Medical Association 


Visa 


Account # 


Exp. Date 


Cardholder's Signature 


Daytime Phone # 
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wE Get the most comprehensive, 
wou reliable source of physician 
information in the U.S. 


$50.00 


Order your copy of the American 
Medical Directory, 32nd edition today! 


Since the premier edition was published in 1906, 
the American Medical Directory has been the defin- 
itive, authoritative source of information on the 
entire U.S. physician population. Now, the 32nd 
edition—completely revised and updated-may be 
reserved for delivery in September. 


Updated information you can trust 

Featuring more than 633,000 listings in four hand- 
somely bound volumes, the Directory provides you 
with over 6,000 pages of the most current demo- 
graphic, credentials and professional information 
on every physician in the United States. All entries 
have been verified by primary sources so you know 
youre getting the most accurate information 
available. 


Reserve your copy today and save $50 
Call 1-800-621-8335 to reserve your Directory 
now and save $50. Please have your Mastercard 
or Visa ready. 


To reserve by mail simply complete and mail the 
Order Form below. Please note: this offer ends 
September 1. Demand for the previous edition 
exceeded supply-reserve your 4-volume set today 
and save $50. 


POSS HSSSHHHHTHTSHHEHHESEEHEHHHTESEHHESESEEESEEHHEEHEEEEEEHSESHHESEEEEEHHESEEESEEEEEEEE HEE ETESS 


Order Fo rm YES, reserve my copy of the American Please send me: 
Medical Directory 32nd edition today. _______ copies (4 volumes each) @ $445. $____ 


Complete and mail along with your Sales tax (CA, DC, IL & NY residents only) $_____ 
payment to: 

Book and Pamphlet Fulfillment- Method of payment Total Gis 
OP390890 

American Medical Association _______ Enclosed is my check, payable to: 

PO. Box 10946 American Medical Association 


Chicago, IL 60610-0946 1 ete eee ae 


¢ Payment must accompany Order Form 
e Prices subject to change without notice 
e Allow 4-6 weeks for delivery after Sept. 1. 








Account # 7 + Exp. date 





Cardholder's Signature 5 ~ Daytime phone 





Address 








City/State/Zip JERE 
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Books 


The Management of Pain, by John Bonica, 2120 
pp, with illus, $220, Philadelphia, Pa, Lea & 
Febiger, 1990. 

The first edition of Dr John Bonica’s 
Management of Pain, published in 
1958, represented the first encyclope- 
dic text on the subject of pain, bringing 
together and building on the earlier 
work of Pitkin, Labat, and others. Al- 
though emphasizing anesthetic ap- 
proaches, it was the first comprehen- 
sive effort to blend anatomy, physiol- 
ogy, and therapeutics in a way that 
made this material accessible to spe- 
cialists from multiple fields. Dr Boni- 
ca, founder of the International Asso- 
ciation for the Study of Pain, popular- 
ized the concept of multidisciplinary 
pain management. The first edition of 
his book reflects this thinking, and, al- 
though long out of print, it has re- 
mained a most useful reference in the 
intervening years, even as texts on 
pain became available in increasing 
numbers. 

The second edition succeeds in sus- 
taining and building on the scope and 
detail provided by its already imposing 
predecessor, although, naturally, at 
the expense of increased bulk and 
price. The oversize, two-volume text 
has 2120 pages, 100 chapters, and con- 
tributions from as many authors. The 
suggested retail price is $220. The 
binding is attractive and durable, and 
the multitude of black-and-white illus- 
trations are well reproduced on high- 
quality paper. 

Besides acting as the overall editor, 
with the collaboration of Drs John D. 
Loeser, C. Richard Chapman, and 
Wilbert E. Fordyce, noted neurosurgi- 
cal and psychological authorities, Dr 
Bonica is credited as coauthor or col- 
laborator for about half of the book’s 
chapters. The result is a remarkable 
evenness of style, akin to that of the 
first edition, a single-authored text. 
The contributors are among the most 
prominent and seasoned clinicians and 
researchers in the growing field of al- 
gology and represent a wide array of 
specialties and nationalities. 

The text’s most apparent strength, 
its comprehensive breadth, is comple- 
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mented by cogent and consistent orga- 
nization, easy readability, and content 
that is practical yet scientifically based 
and well-supported by current refer- 
ences. The text is organized into five 
subdivisions: “Basic Considerations,” 
“Assessment,” “Generalized Syn- 
dromes,” “Regional Syndromes,” and 
“Therapeutics.” That this is not a how- 
to-do-it guide or a primer on nerve 
blocks is emphasized in the assign- 
ment of only a quarter of the text to 
therapeutics, per se. However, each 
therapeutic modality is covered in 
great detail, and the initial sections 
are clinically oriented, integrating 
fundamental aspects of anatomy, 
physiology, and other basic sciences in 
a way that is clinically meaningful. 
Information that is more arcane but 
still of academic significance appears 
in a smaller typeface, thus satisfying 
the busy reader seeking quick answers, 
as well as the scholar looking for 
depth. Illustrations, diagrams, tables, 
and reproductions of photographs and 
roentgenograms are consistently and 
liberally used and support the text 
both by amplifying and summarizing 
its content. 

In contrast with most other texts 
endeavoring to present a thorough 
treatment of pain management, the 
triumvirate of acute, chronic, and can- 
cer pain are all given ample coverage 
here. Entities covered under acute 
pain include the mundane muscu- 
loskeletal problems seen so commonly 
in the office of the primary care pro- 
vider, labor and burn pain, and up-to- 
date commentaries on the use of pa- 
tient-controlled analgesia and in- 
traspinal opioids for postsurgical pain. 
Cancer pain and its management are 
covered thoroughly, although with rel- 
atively scarce reference to other asso- 
ciated symptoms that require our at- 
tention for the maintenance of an op- 
timal quality of life. Hospice care is 
covered adeptly but relatively briefly. 
Chronic pain, perhaps the problem 
most challenging to today’s clinician, 
is covered from many perspectives. In- 
cluded are thorough discussions of dif- 
ferential diagnosis, including elec- 


trodiagnostics, disability, impairment, 
rehabilitation, psychological distress, 
pharmacotherapy, and surgical and 
anesthetic intervention. Dr Bonica 
provides convincing arguments pro- 
moting a multidisciplinary approach 
to the diagnosis and treatment of 
chronic pain. Diseussion of the mul- 
tidisciplinary pain clinic at the Uni- 
versity of Washington includes a fas- 
cinating historical account of its de- 
velopment, as well as details of its 
current status, that should prove use- 
ful to others involved in similar en- 
deavors. 

The section on therapeutics is re- 
markably well researched and serves 
many functions. Widely disseminated 
data and technical details on chemical 
and surgical ablation, stimulation, and 
central nervous system opioid therapy 
are assembled to form a useful refer- 
ence for neurosurgeons and anesthesi- 
ologists interested in these ap- 
proaches. Further, the advantages and 
disadvantages of these and other, 
more conservative approaches are pre- 
sented clearly and succinctly, permit- 
ting the neurologist and the more gen- 
eral practitioner access to details that 
will help him or her draw his or her 
own conclusions about the appropri- 
ateness of referral or recommenda- 
tions from subspecialists. 

On balance, The Management of 
Pain is a unique text, representing an 
enormous amount of skilled editorial 
and organizational effort. It is compre- 
hensive both in scope and in depth, 
and, moreover, its content is juxta- 
posed in a manner that is likely to 
make this text a useful, albeit bulky, 
resource for the variety of specialist 
and nonspecialist clinicians involved 
in pain management. Although costly, 
this book is a solid value. 


RICHARD B. PATT, MD 
Rochester, NY 


The Neurobiology of Saccadic Eye Movements, ed- 
ited by R. H. Wurtz and M. E. Goldberg, 424 pp, 
$189.50, Amsterdam, the Netherlands, Elsevier 
Science Publishers, 1989. 


The past decade has seen rapid ad- 
vances in our understanding of the 
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neurobiology of saccadic eye move- 
ments. This multiauthored volume, 
the third in a series devoted to oculo- 
motor research, provides an excellent, 
comprehensive review of recent work 
in the field. Part I describes the phys- 
ical characteristics of saccades and 
then discusses various models put 
forth to explain them. Part II summa- 
rizes the neural structures involved in 
the generation of saccades, with indi- 
vidual chapters covering the brain 
stem, tectum, basal ganglia, cerebral 
cortex, pulvinar, thalamus, and cere- 
bellum. 

Each review is clearly organized, in- 
formative, and extensively referenced. 
The reader must cope with a fair 
amount of modeling jargon, but the 
prose is palatable. The chapter on 
brain-stem regions related to saccade 
generation is excessively long. Perhaps 
a separate chapter on the neurology of 
saccade deficits resulting from clinical 
and experimental lesions would have 
been a good idea. 

Saccadic eye movements are popular 
for laboratory study because they can 
be measured precisely and modeled by 
testable schemes. As more is learned 
by recording the behavior of primates 
and by tracing anatomic connections 
within the brain, hypotheses have been 
revised, and new approaches have been 
suggested. Although saccades appear 
to be a relatively simple form of hu- 
man behavior, they are governed by a 
remarkably complex system. Working 
out their biology has provided an ava- 
lanche of information about the exten- 
sive circuitry of the oculomotor appa- 
ratus. This valuable, timely review will 
be welcomed by scientists engaged in 
oculomotor research. It will also be an 
important acquisition for any clinician 
with a particular interest in disorders 


of eye movement. 
JONATHAN C. Horton, MD, PHD 
San Francisco, Calif 


Neuroscience Critical Care: Pathophysiology and 
Patient Management, by Sharon Bowers Marshall, 
Lawrence F. Marshall, Helen R. Vos, and Randall 
M. Chestnut, 480 pp, with illus, $60, Philadelphia, 
Pa, WB Saunders Co, 1990. 

This interesting book about neuro- 
logic intensive care is written by a very 
experienced intensive care unit nurse, 
a nurse educator, and two neurosur- 
geons. Although most chapters have 
sections highlighting “nursing focus” 


1166 Arch Neurol—Vol 47, November 1990 


and, separately, “physician focus,” the 
material is most appropriate for in- 
tensive care and neurology nurses. The 
first third of the book gives a broad 
overview of neuroanatomy, the physi- 
ology of coma, and neurodiagnostic 
procedures. Sections on intracranial 
pressure, head injury, stroke, seizures, 
and other specific, neurologic intensive 
care problems follow, all with a decid- 
edly neurosurgical orientation. Medi- 
cal problems of the critically ill neuro- 
logical patient and the administration 
and organization of neurologic inten- 
sive care unit are addressed at the end 
of the book. Some of the technical ma- 
terial is treated from a nursing point 
of view, often a bit superficially for an 
intensivist. The references are some- 
what selective and mainly neurosurgi- 
cal, but the material is comprehensive 
enough to be very useful for anyone 
working in a neurologic intensive care 
unit. 

There are excellent tables and well- 
reproduced computed tomographic 
and magnetic resonance imaging scans 
throughout the second part of the 
book. Almost every chapter has a care- 
fully thought-out nursing diagnostic 
approach to each of the major diseases. 
Perhaps the book’s biggest contribu- 
tion is in identifying common ground 
for the nurse and physician caring for 
these difficult cases. The authors have 
identified both factual information 
and stylistic issues that can help create 
a team atmosphere and improve pa- 
tient care. 

Without referring to themselves di- 
rectly, the authors have managed to 
supplement the existing literature 
with their own extensive experience 
from the renowned neurosurgical in- 
tensive care unit at the University of 
California, San Diego. Every nurse in 
this field will want a copy of this book, 
since I believe it is the best of its kind 
available. Physicians with a strong in- 
terest in organizing or caring for pa- 
tients in neurologic intensive care 
units will want to have a look at it as 


well. 
ALLAN H. ROPPER, MD 
Boston, Mass 


Quantitative Imaging: Neuroreceptors, Neurotrans- 
mitters, and Enzymes, edited by J. J. Frost and 
H. N. Wagner, Jr, 211 pp, $98, New York, NY, 
Raven Press, 1990. 


A comprehensive overview of the 
application of positron emission to- 


mography (PET) for the localization 
and quantification of neurotransmit- 
ters, their receptors, and enzymes will 
be attained by a reader of this book. 
The first two chapters describe the 
concept of neurotransmitter receptors 
and their localization by both in vitro 
and in vivo techniques. As an intro- 
duction to the use of PET, receptor 
autoradiography is briefly discussed. 
Positron emission tomography has 
many advantages over receptor auto- 
radiography, the greatest benefit being 
that it is a noninvasive technique. Af- 
ter an overview of neurotransmitters 
and their receptors in disease, the ba- 
sics of PET are described, starting 
with the radiochemistry of tracers for 
neurotransmitter receptors and the 
description of the physics and instru- 
mentation of PET. These chapters on 
the principles of PET and the radioac- 
tive tracers used in PET are particu- 
larly useful to the reader who is not 
completely familiar with the basis of 
PET. Individuals who are familiar 
with the field of receptor imaging will 
benefit from the detailed discussions of 
mathematical modeling, radiochemis- 
try, and image processing. 

After describing the basics of PET, 
the remaining seven chapters give spe- 
cific examples of the use of PET to 
study the opiate, dopamine, benzodi- 
azepine, muscarinic acetylcholine, and 
serotonin receptors, as well as dopa 
metabolism and enzyme activity, using 
monoamine oxidase as an example. 
Most PET studies, to date, have stud- 
ied specific neurotransmitter recep- 
tors, and the chapters on the individ- 
ual receptors give superb examples of 
the information that has been attained 
by the use of PET. The book does an 
excellent job in pointing out that PET 
can be used to study neurotransmitter 
metabolism, second messenger sys- 
tems, and enzyme activity, in addition 
to its application to neurotransmitter 
receptors. The only limitation of PET 
is the number of radioactive tracers 
that are available for the multitude of 
receptors, neurotransmitters, and en- 
zymes. The number of tracers will be 
increasing dramatically over the next 
few years, and the reader is left witha 
feeling of excitement over the infor- 
mation that will be obtained in the 
very near future. 


JEAN BIDLACK, PHD 
Rochester, NY 
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Capsaicin 0.025%) Cream 


Printed in U.S.A. 


Topical Analgesic 


TARGETED ACTION 

Acts on sensory nerves at site of application by selectively 
depleting substance P, a chemomediator of pain impulses 
along neuropathways. 


EFFECTIVE 

Alleviates the intense pain associated with postherpetic 
neuralgia in most patients. May also benefit patients when 
added to existing systemic drug regimens. 


SAFE 
No known interactions with systemic medications commonly 


prescribed for geriatric patients. 


Topical Zostrix Works Where It Hurts 


DESCRIPTION 
Zostrix Cream contains capsaicin 0.025% in an emollient base. Capsaicin is a naturally 
occurring substance derived from plants of the Solanaceae family with the chemical 
name trans-8-methyl-N-vanillyl-6-nonenamide. Capsaicin is a white crystalline powder 
with a molecular weight of 305.4. It is practically insoluble in water but very soluble in 
alcohol, ether and chloroform. o 

CH,NH-C-(CH),CH=CH-CH(CH,) 


OCH, 


ACTIONS AND INDICATIONS 

Although the precise mechanism of action of capsaicin is not fully understood, current 
evidence suggests that capsaicin renders skin insensitive to pain by depleting and 
preventing reaccumulation of substance P in peripheral sensory neurons. Substance 
P is thought to be the principal chemomediator of pain impulses from the periphery 
to the central nervous system. Zostrix Cream is indicated for the temporary relief of 
the pain (neuralgia) associated with and following episodes of herpes zoster infections 
after open skin lesions have healed. 


WARNINGS 

For external use only. Avoid contact with eyes and broken or irritated skin. Do not 
bandage tightly. If condition worsens, or if symptoms persist for more than 14 days or 
clear up and occur again within a few days, discontinue use of this product and consult 
your physician. Keep this and all drugs out of the reach of children. 


DIRECTIONS 

Adults and children 2 years of age or older: Apply Zostrix to affected area not less 
than 3 or 4 times daily. Zostrix may cause transient burning on application. This burning 
is observed more frequently when application schedules of less than 3 or 4 times daily 
are utilized. After Zostrix is applied with the fingers, the hands should be washed 
immediately. 


HOW SUPPLIED 
1.5 oz. tubes (NDC 52761-552-45) U.S. Patent Nos. 4486450. 5536404 


Marketed by GEN DERM ‘Corporation 
Northbrook, IL 60062 


©1989 GenDerm Corporation 
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New evidence: 

No difference between 
the cognitive 

effects of phenytoin 
and 

carbamazepine 





NILITING LNVSINANODLLNY 


Results from: 
Comparative cognitive effects of anticonvulsants 


KJ. Meador, DW. Loring, K. Huh, B.B. Gallagher, DW. King 
Neurology. 1990;40:391-394. 


Patients receiving = and 
carbamazepine had virtually 
identical cognitive performances’ 


m Fifteen seizure patients treated with phenytoin, carbamazepine, 
and phenobarbital for 3 months each were given a cognitive 
evaluation at the end of each treatment period’ 


m Cognitive tests were designed to assess deficits associated 
with anticonvulsants—impairments in memory, information 
processing, attention/concentration, and motor speed! 


m Mean cognitive scores and individual responses failed to 
suggest a trend toward differential effects! 


Mean scores* for cognitive measures 
Cognitive Measures Carbamazepine | Phenytoin | Phenobarbital 
Grapho-Motor Coding 48 48 43 
Simple Attention! 5.5 55 57 
Simple Attention? 4.0 45 45 





































































Selective Reminding Test 53 59 49 
Repetitive Motor Speed 46 45 44 
Coordination/Motor Speed 72 73 74 





















Decisional/Motor Speed 705 


—adapted from Meador et al, p 392' 


*On Decisional/ Motor Speed, it was desirable to achieve as Jow a score as possible. On all other tests, it was desirable to achieve as high a 
score as possible. However, there was no significant difference between scores of the three anticonvulsants on any test with the exception 
of Grapho-Motor Coding—the score for phenobarbital was significantly worse than for the other two anticonvulsants 


tDigit Span Forward +Digit Span Backward 


Rigorous study design helped prevent patient 
selection bias—a flaw of most earlier studies 
m Randomized, double-blind, triple-crossover study design 
helped prevent patient selection bias’ 


m Dosages were adjusted to be within the standard therapeutic 
range (phenytoin, 10 to 20 ug/mL; carbamazepine, 6 to 12 wg/mL; 
phenobarbital, 15 to 40 pg/mL)’ 


NVULSANT BULLETIN 






This information is brought to you by Parke-Davis, maker of 


Dilantin Kapseals 
(extended phenytoin sodium capsules, USP) 100 mg 


Reference 1. Meador Kj, Loring DW, Huh K, Gallagher BB, King DW. Comparative cognitive etfects of anticonvulsants. Neurology 
1990;40:391-394 
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Dilantin® KAPSEALS® (Extended Phenytoin Sodium Capsules, USP) 
Before prescribing, please see full prescribing information. A Brief Summary follows. 


INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
mal) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 


Phenytoin seram level determinations may be necessary for optimal dcsage adjustments (see 


Dosage and Administration and Clinical Pharmacology in the full prescibing information). 
CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 
WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
epilepticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
ation, or substitution of alternative antiepileptic medication arises, this should be done gradually. 
However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
therapy may be necessary. In this case, alternative therapy should be ar antiepileptic drug not 
belonging to the hydantoin chemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the 


“development of lymphadenopathy (local or generalized) including benign lymph node 


hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Althcugh a cause and effect 
relationship has not been established, the occurrence of lymphadenopethy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resemblinj serum sickness, eg, 


_ fever, rash and liver involvement. 
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In all cases of lymphadenopathy, follow-up observation for an extended period is indicated and 


` every effort should be made to achieve seizure control using alternative antiepileptic drugs. 


Acute alcoholic intake may increase phenytoin serum levels while chrcnic alcoholic use may 
decrease serum levels. 

in view of isolated reports associating phenytoin with exacerbation of porphyria, caution should 

be exercised in using this medication in patients suffering from this disease. 
Usage In Pregnancy: A number of reports suggests an associatior between the use of 
antiepileptic drugs by women with epilepsy and a higher incidence of birth cefects in children born 
to these women. Data are more extensive with respect to phenytoin and prenobarbital, but these 
are also the most commionly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. : 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 
than drug therapy in leading to birth defects. The great 
majority of mothers on antiepileptic medication deliver 
normal infants. It is important to note that antiepileptic drugs should not be discontinued in 


patients in whom the drug is administered to prevent major seizures, because of the strong - 


possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
cases where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 
even minor seizures do not pose some hazard to the developing embryo or etus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 
` in addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/oalate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mental deficiency in children born io mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 
There have been isolated reports of malignancies, including neuroblastoma, in children whose 
mothers received phenytoin during pregnancy. 


An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 


because of altered phenytoin absorption or metabolism. Periodic measurement of serum 
phenytoin levels is particularly valuable in the management of a pregnant epileptic patient asa 
guide to an appropriate adjustment of dosage. However, postpartum restoration of the original 
dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
or correct this defect and has been recommended to be given to the mother before delivery and 
to the neonate after birth. 


PRECAUTIONS: General: The liveris the chief site of biotransformation o phenytoin; patients | 


with impaired liver function, elderly patients, or those who are gravely ill may show early signs 
of toxicity. 

A small percentage of individuals who have been treated with phenytoin has been shown to 
metabolize the drug slowly. Siow metabolism may be due to ilmited enzyme availability and lack 
of induction; it appears to be genetically determined. 


Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug . 


discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) if the rash is 
of a milder type (measies-like or scarlatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced 
phenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same 
patients. 


dx Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 
‘reported. Phenytoin may also raise the serum glucose level in diabetic patients. $ 
Osteomalacia has been associated with phenytoin therapy and is considered to be due to 


phenytoin's interference with Vitamin D metabolism. 

Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. 
Appropriate diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and 
absence (petit mal) seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produc2 confusional states 


Dilantin Kapseals 


(extended phenytoin sodium pse USP) 


referred to as-“delirium, “psychosis; or “encephalopathy” or rarely irreversible cerebellar 
dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels are recommended. Dose 
reduction of phenytoin therapy is indicated if plasma levels are excessive; if symptoms persist, 
termination is recommended. (See Warnings.) 

Informatlon for Patients: Patients taking phenytoin should be advised of the importance of 
adhering strictly to the prescribed dosage regimen, and of informing the physician of any clinical 
condition in which it is not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first 
seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or 
which phenytoin may affect. Serum level determinations for phenytoin are especially helptul 
when possible drug interactions are suspected. The most commonly occurring drug interactions 
are listed below: 1. Drugs which may increase phenytoin serum levels include: acute alcohol 
intake, amiodarone, chloramphenicol, chlordiazepoxide, diazepam, dicumarol, disulfiram, 
estrogens, Hy-antagonists, halothane, isoniazid, methylphenidate, phenothiazines, 
phenylbutazone, salicylates, succinimides, sulfonamides, tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium ions 
which interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid 
preparations containing calcium should be staggered in patients with low serum phenytoin levels 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, 
sodium valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic 
acid and sodium valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in 
susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin 
include: corticosteroids, coumarin anticoagulants, 
digitoxin, doxycycline, estrogens, furosemide, oral 
contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytotn may 
cause decreased serum levels of protein-bound iodine 
(PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin' may 
cause increased serum levels of glucose, alkaline phos- 
phatase, and gamma glutamyl transpeptidase (GGT). 
Carcinogenesis: See “Warnings” section for informa- 
tion on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: infant breast-feeding is not recommended for women taking this drug because 
phenytoin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered 
with phenytoin therapy are referable to this system and are usually dose-related. These include 
nystagmus, ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, 
insomnia, transient nervousness, motor twitchings, and headaches have also.been observed. There 
have also been rare reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor 
and asterixis, similar to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has been observed in patients receiving 
long-term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
integumentary System: Dermatological manifestations sometimes accompanied by fever have 


_ included scarlatiniform or morbilliform rashes. A morbilliform rash (measies-like) is the most 


common; other types of dermatitis are seen more rarely. Other more serious forms which may 
be fatal have included bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens- 
Johnson syndrome, and toxic epidermal necrolysis (see Precautions). 

Hemopoletic System: Hemopoletic complications, some fatal, have occasionally been reported 
in association with administration of phenytoin. These have included thrombocytopenia, leuko- 
penia, granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow sup- 
pression. While macrocytosis and megaloblastic anemia have occurred, these conditions usually 
respond to folic acid therapy. lymphadenopathy including benign lymph node hyperplasia, pseu- 
dolymphoma, lymphoma, and Hodgkin's Disease have been reported (see Warnings}. 
Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologie: Hypersensitivity syndrome (which may include, but is not limited to, symptoms 
such as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic 
lupus erythematosus, immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimated 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are 
tremor, hyperreflexia, lethargy, slurred speech, nausea, vomiting. The patient may become 
comatose and hypotensive. Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where 
toxicity may occur. Nystagmus, on lateral gaze, usually appears at 20 meg/mL, ataxia at 30 
mcg/mL, dysarthria and lethargy appear when the plasma concentration is over 40 meg/mL., but 
as high a concentration as 50 mcg/mL has been reported without evidence of toxicity, As much 
as 25 times the therapeutic dose has been taken to result in a serum concentration over 100 
mcg/ml with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and 
appropriate supportive measures employed. Hemodialysis can be considered since phenytoin 
is not completely bound to plasma proteins. Total exchange transfusion has been used in the 
treatment of severe intoxication in children. 

In acute overdosage the possibility of other CNS depressants, including alcohol, should be 
borne in mind. 


Caution —Federal law prohibits dispensing without prescription. 03626280 
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Letters to the Editor 


Letters to the editor should be submitted as an original and two duplicates, They should be 
typewritten double-spaced on plain bond paper; they will be subject to editing. If they are 
prepared on a word processor, do not justify the right margin. A copyright transmitial letter 
signed by all authors must accompany this (see “Instructions for Authors”). 


Strokes Associated With Cocaine 
Use 


To the Editor.—We were intrigued by 
the hypothesis proposed by Deringer 
et al' in their letter that appeared in 
the May issue of the ARCHIVES. The 
possibility. of very. delayed-onset 
stroke following cocaine abuse would 
of course effect a major change in our 
thinking about the abuse potential, se- ` 
rious consequences, and medical care 
of the casual and regular cocaine 
abuser. 

In our series of 15 cases,? as well as 
in other reports of cocaine-related 
strokes,** infarcts occurred within a 
few hours following cocaine abuse or in 
some cases on awaking in the morning 
following a “binge” the night before. 
Based on the various pathophysiologic 
effects of cocaine on the cardiovascular 
system several mechanisms have been 
proposed, none of which can explain a 
cerebral infarct as late as 6 months 
after the last use of cocaine. In addi- 
tion all of our patients had tested pos- 
itive for cocaine or its metabolites in 
the urine. The unreliability of histories 
from cocaine abusers is well known 
and need objective corroboration 
through laboratory testing. 

While it is tempting to blame co- 
caine for as many of mankind’s ills as 
we possibly can, the scientific basis for 
this hypothesis is certainly weak. It 
would be of interest to hear from other 
investigators as to the frequency of 
strokelike syndromes in former co- 
caine abusers. However, in the absence 
of a significant number of occurrences 
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it is difficult to conclude that this is 
more than a chance occurrence. 
ALAN J. TUCHMAN, MD 
MICHAEL DARAS, MD 
Department of Neurology 
New York Medical College 
Metropolitan Hospital 
1901 First Ave 
New York, NY 10029 


i . 1. Deringer PM, Hamilton LL, Whelan MA. A 


stroke associated with cocaine use. Arch Neurol. 
1990;47:502. g 

2. Engstrand BC, Daras M, Tuchman AJ, et al. 
Cocaine-related ischemic strokes. Neurology. 
1989;39(suppl 1):186. 7 

3. Jacobs IG, Roszler MH, Kelly JK, et al. Co- 
caine abuse: neurovascular complications. Radi- 
ology. 1989;170:223. 

4, Klonoff DC, Andrews BT, Ohana WG. Stroke 
associated with cocaine use. Arch Neurol, 1989; 
46:989-993. i 


In Reply.—We appreciate the skepti- 
cism of Drs Tuchman and Daras. In 
our case, a urine drug screen for co- 


. caine was negative. Thus, a very recent 


binge would have been unlikely no 
matter how unreliable the patient’s 
history. 

So far, we have received one report 
(G.F. Tegtmeyer, MD, personal com- 
munication June 15, 1990) of a patient 
who had used cocaine intranasally 6 
months prior to the abrupt onset of 
headache and ataxia. The patient, who 
had normal coagulation studies and a 
normal echocardiogram, was found ‘to 
have a distal branch occlusion of the 
superior cerebellar artery on the left 
side. 

We recognize that the occurrence of 
delayed strokes following cocaine 
abuse would alter and expand our 


thinking about cocaine and its ill ef- 
fects. For this reason, we continue to 
be interested in knowing of other ex- 
amples of unexplained delayed stroke 
in young persons with a history of co- 
caine or other substance abuse. 

PAUL M. DERINGER, MD 

Lewis L. HAMILTON, MD 

MARY ANNE WHELAN, PHD, MD 

Section of Neurology 

The Mary Imogene Bassett Hospital 

One Atwell Rd 

Coogerstown, NY 13326 


Rolling Chair Sign 


To the Editor.—I would like to report 
the “rolling chair sign” in Parkinson’s 
syndrome/disease. 

A 76-year-old woman with multi-in- 
farct dementia and a left-sided hemi- 
plegia has a typical parkinsonian rest- 
ing tremor of the right upper and 
lower extremities. After being exam- 
ined, she was sitting in the waiting 
room in her wheelchair. Suddenly I 
saw the wheelchair rolling down the 
hall of our clinic. At first I thought it 
was because of her dementia and con- 
fusion but, on closer inspection, her 
right hand wäs resting on the wheel of 
the wheelchair and the tremor was in- 
voluntarily propelling the chair for- 
ward. Thus my term “the rolling chair 
sign.” It has some practical signifi- 
cance in that these patients should not 
be placed near staircases, stoves, and 
the like while in their wheelchairs. 

MALVIN Coe, MD 

Department of Neurology 

University of Colorado 
School of Medicine 


4200 E Ninth Ave 
Denver, CO 80262 
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_ Editorial 


The Practice of Neurology 


hysicians spend an average of 225 

hours per year on continuing edu- 
cation, of which 150 hours are devoted 
to journal reading.' Epidemiologists at 
McMaster University (Hamilton, Can- 
ada) have identified 10 possible rea- 
sons to read clinical journals, and four 
guides to help the overburdened reader 
screen the literature for the few valid 
articles that are applicable in one’s 
own practice.? Given the large number 
of clinical journals, and the many rea- 
sons to read them, it is noteworthy 
that so many journals limit the scope 
of virtually all published material to 
recent advances in bioscience re- 
search. Those aspects of medical care 
that reflect the humanity of the doctor, 
the patient, and their interaction, are 
not emphasized. 

This might be called The Inverse 
Practice Law: clinical journals are 
least interested in the most clinical 
articles, the anecdotes. The question is 
whether the information and insight 
obtained in practice are too “soft” to be 
worthy of the scientific attention given 
to the “hard” data associated, for ex- 
ample, with laboratory measure- 
ments. Is our collective pathobiology 
that is shared with other members of 
the animal kingdom (disease) of 
greater importance for medical prac- 
tice and care than our individualistic 
pathobiology that is distinctly human 
(illness)? ' 

For most physicians, the goal of im- 
proved performance in practice, as 
measured by the clinical outcomes of 
patients, is the principal objective of 
all self-directed learning, including 
journal reading. Detailed research ar- 


: ticles are not always helpful in this 


context, and may be of little interest 
for many readers. Given the diverse 


.. needs and goals of its audience, the 


` ARCHIVES has long accepted the chal- 
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lenge of a broad framework that in- 
cludes articles of Immediate relevance 
for the practitioner. At its recent 
meeting, the Editorial Board, with the 
Chief Editor’s approval, decided to 
take additional steps to encourage con- 
tributions to the section designated 
the Practice of Neurology. 

To evaluate submitted manuscripts 
within this category, the interest for 
the average reader, as well as the per- 
ceived capacity to enhance neurolo- 
gists’ clinical competencies, will be 
considered in the review process, in 
addition to the quality of original sci- 
ence. Clearly, this sectior is meant to 
include manuscripts that reach beyond 
bioscience to delineate the distinctly 
human aspects of neurolozic care. The 
assumption here is that the approach 
of the clinician is a unified scientific 
effort—curing and caring.‘ What is so 
readily subsumed under the heading of 
the “art” of medicine is an examined 
body of knowledge within the learned 
disciplines that study humans and 
their works (the humanities) as well as 
the experiences of humans (the social 
sciences). To accommodaze such con- 
tent, the review process will employ 
the data standards of the social, not 
the biological, sciences.’ 

The clinical anecdote, o> that which 
is unpublished, has been the corner- 
stone of medical education since an- 
tiquity. At the present time, however, 
this word has acquired a pejorative 
connotation, indicative of a perceived 
lack of intellectua! rigor and respect- 
ability in any research project whose 
results cannot be quantified. We seem 
to have forgotten that what counts in 
medical care -cannot always be 
counted, nor does everything we can 
count count. As an educational tool, 
the anecdotal method assumes that 
the practicing physician who is 


roughly right is preferable to one who 
is precisely wrong.’ One is reminded of 
the view expressed on this subject 
nearly 40 years ago by three distin- 
guished biostatisticians: 


Weare convinced that unsubstantiated 
assertions are not, in themselves, in- 

` appropriate in a scientific study. In any 
complex field,...the accumulated in- 
sight of an experienced worker fre- 
quently merits recording when no doc- 
umentation can be given. However, the 
author who values his [her] reputation 
for objectivity will take pains to warn 
the reader ... whenever an unsubstan- 
tiated conclusion is being presented, 
‘and will choose his [her] words with the 
greatest care.® 


Authors of submitted manuscripts 
should advise the Chief Editor in the 
letter of transmittal that publication 
in the Practice of Neurology or Letters 
to the Editor sections is acceptable. 

MATTHEW MENKEN, MD 
1527 Highway 27 
Somerset, NJ 08873 
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Original Contributions 


The Influence of Hyperglycemia and Diabetes Mellitus on 
Immediate and 3-Month Morbidity and Mortality 


: After Acute Stroke 


. Jean Woo, MD, MRCP; Christopher W. K. Lam, PhD; Richard Kay, MC, MRCP; Alan H. Y. Wong, MB, MRCP: 
Robert Teoh, MD, FRCP; M. Gary Nicholls, MD, FRCP, FRACP 


è Fasting serum glucose, glycosylated 
hemoglobin, and fructosamine concentra- 
tions were determined in 304 consecutive 
subjects admitted with acute stroke, 
within 48 hours of ictus. Based on the 
medical history and these results, subjects 
were divided into known diabetics, newly 
diagnosed diabetics, subjects with stress 
hyperglycemia, and nondiabetics. The 
type of stroke was classified as lacunar 
infarct, cerebral infarct, or intracerebral 
hemorrhage, based on clinical examina- 
tion by a neurologist and computed tomo- 
graphic brain scan and/or autopsy. Imme- 
diate and 3-month outcomes were exam- 
ined in relation to (1) fasting glucose, 
- glycosylated hemoglobin, and fruc- 
tosamine levels by stroke subtypes, and 


[t has been postulated that in cere- 
brovascular accidents an elevated 
blood glucose concentration is directly 


harmful to the ischemic brain,' giving - 


rise to the association between serum 


glucose concentration immediately af- - . 


ter ictus and subsequent morbidity 
` and mortality. Furthermore, Oppen- 
heimer et al? documented a higher 
early mortality rate among diabeties 
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(2) glucose tolerance categories by stroke 
subtypes. A high fasting glucose level was 
associated with an increased mortality, 
but this was observed only among patients 
with intracerebral hemorrhage. Patients 
with stress hyperglycemia, but not diabet- 
Ics, had Increased mortality. in spite of 
having similar glucose concentrations to 
those patients with stress hyperglycemia, 
diabetics did not have a worse outcome 
compared with nondiabetics. It is con- 
cluded that the association between glu- 
cose concentration and outcome is a re- 
flection of stress relating tc stroke sever- 
ity, rather than a direct harmful effect of 
glucose on damaged neurons. 
(Arch Neurol. 1990;47:1174-1177) 


after stroke. Later studies have sug- 
gested that this association may be an 
indirect one, the elevated glucose con- 
centration merely reflecting the degree 
of stress that parallels the severity of 
stroke.*> This study examines the con- 
tributions of hyperglycemia per se, di- 
abetes mellitus, and stress to morbid- 
ity and mortality within 3 months af- 
ter acute stroke. 


SUBJECTS AND METHODS 


Consecutive patients with acute stroke 
who were admitted to a regional general 
hospital between January and June 1989 
were studied. All subjects were examined 
by a neurologist within 24 hours of admis- 
sion and within 48 hours of ictus. Subjects 
with subarachnoid hemorrhage and tran- 
sient ischemic attacks were excluded. The 


remainder were classified into three stroke 
subtypes (cerebral infarct, lacunar infarct, 


_ and intracerebral hemorrhage) based on 


clinical examination, computed tomo- 
graphic scan, and/or autopsy if the patient 
died before a computed tomographic scan 
could be performed. The diagnosis of lacu- 
nar syndrome was made if the subject pre- 
sented with one of the following conditions: 
pure motor stroke; pure sensory stroke; 
ataxic hemiparesis; sensorimotor stroke; in 
the absence of a visual field defect or evi- 
dence of higher cerebral dysfunction’; and 
with a hypodense lesion no greater than 15 
mm in diameter or with a normal appear- 
ance on a computed tomographic scan of the 
brain. 

A fasting venous blood specimen was ob- 
tained as soon as possible (less than 24 
hours) after admission for estimation of 


. glucose, glycosylated hemoglobin (HbA,), 


and fructosamine levels. Based on the med- 
ical history and blood study results, sub- 
jects were classified into four glucose toler- 
ance categories: (1) known diabetics, if 
there was a history of diabetes mellitus; (2) 
newly diagnosed diabetics, where there was 
no history of diabetes, but the fasting glu- 
cose level was greater than 7.8 mmol/L, the 
HbA, was less than 0.09, and the fructo- 
samine level was greater than 2:20 mmol/L; 
(8) stress hyperglycemia (stress) in the 
absence of a history of diabetes mellitus, 
but with a fasting glucose value greater 
than 7.8 mmol/L, HbA, was less than or 
equal to 0.08, and the fructosamine level 
was less than or equal to 2.20 mmol/L; and 
(4) nondiabetics in the absence of a history 
of diabetes and with a fasting glucose value 
of less than or equal to 7.8 mmol/L, an HbA, | 
level of less than or equal to 0.09, and a 
fructosamine level of less than or equal to 
2.20 mmol/L. The upper limits of normal for 
HbA, and fructosamine have been estab- 
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Table 1.—Mean Age of Patients by 
Glucose Tolerance Categories and 
Stroke Subtypes 


Mean (+ SD) Age, y 
in) 





Known diabetes 


11.2 (48) 
11.4 (13) 
13.0 (23) 
11.8 (168) 
11.3 (75) 
11.9 (143) 


mellitus 
New diabetes mellitus 
Stress hyperglycemia 
Non-diabetes mellitus 
Lacunar infarct 
Cerebral infarct 
Intracerebral 
hemorrhage 
All strokes 


+ 11.1 (86) 
11.5 (304) 


lished previously in our local Chinese 
population? These glycemic indexes, 
which reflect integrated serum glucose con- 
centrations ovér the preceding months and 
weeks, respectively, when taken together, 
have a sensitivity of 83% in detecting sub- 
jects with a diabetic response to a 75-g oral 
glucose tolerance test.° 

The outcome at the end of hospitalization 
was classified into three categories: full re- 
covery, disability, and death. All surviving 
subjects were reexamined 3 months later, 
when an assessment of activities of daily 
living was performed according to the Bar- 
thel seale,’ and cognitive function was as- 
sessed briefly using an abbreviated mental 
test score.’ For subsequent analysis, sub- 
jects were divided into those with a Barthel 
score of less than 15 and those with a score 
greater than or equal to 15 (maximum 
score, 20), and those with a mental test 
score of less than 7 and those with a score 
greater than or equal to 7 (maximum score, 
10). 

Plasma glucose was assayed with the 
Trinder reagent (Diagnostic Chemicals 
Ltd, Charlottetown, Prince Edward Is- 
land) on an analyzer (Cobas Mira, Hoff- 
mann-La Roche & Co, Basel, Switzerland). 
Fructosamine concentration was deter- 
mined by the reduction of nitroblue tetra- 
zolium in an alkaline solution.” This color- 
imetric assay was automated on. a centri- 
fugal analyzer (Cobas Bio, Hoffmann-La 
Roche & Co, Basel, Switzerland) using com- 
mercial reagent (Sigma Chemical Co, St 
Louis, Mo). Glycosylated hemoglobin in 
whole blood was measured on agar gel us- 
ing an electrophoresis apparatus (Glytrai, 
Corning, Palo Alto, Calif). Interassay coef- 
ficients of variation were as follows: glu- 
cose, 2.0% at 6.6 mmol/L; fructosamine, 
2.0% at 1.51 mmol/L; and HbA, 0.071 at 
6.5%. 

We examined the relationship between 
each of the three biochemical variables 
with outcome, Barthel score, and mental 
test score at 3 months, for all strokes and 
also for each of the three stroke subgroups. 
A similar analysis was also performed for 
the four glucose tolerance categories. Sta- 
tistical analysis was performed using the 
SPSS/PC program, using a one-way analy- 
sis of variance to detect significant differ- 
ences in mean values between groups, and 
the x’ test to detect significant differences 
in frequencies between groups. 
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Table 2.—Glucose Tolerance Categories by Stroke Subtypes* 






ee O mamma” 


No (%)t of Subjects 















Lacunar Cerebral Intracerebral 

Infarct ‘Infarct Hemorrhage 
Diabetes mellitus (known + new) 19 (32) 28 (27) 11 (18) 
Stress hyperglycemia 8 (8) 








Non-diabetes mellitus 





40 (68) 





69 (65) 





*\? = 19.2, df= 4, P = .0007. If stress group is excluded, x? is nonsignificant between the diabetes mel- 
litus and the non-diabetes mellitus groups. 
tPercentage of subjects in individual stroke subtypes. 


Table 3.—Mean Glucose, Glycosylated Hemoglobin, and Fructosamine Concentrations 
by Glucose Tolerance Categories and Stroke Subtypes* 


Stroke Subtype 


nn int terme, 


Lacunar 
Infarct 


Glucose Tolerance 
Category 


Cerebral 
Infarct 


Intracerebral 


Hemorrhage All Strokes 





` Known diabetes mellitus 10.5 + 6.4 (14) 





Glucose, mmoi/L 
10.1 + 3.4 (24) 


12.3 + 5.6(7) 10.6 + 4.8(45)+ 





New diabetes mellitus 12.2 + 4.0 (5) 


11.2 + 1.0 (4) 





15.6 + 6.3 (4) 13.0 + 4.4113) 








Stress 


9.6 + 1.1 (8) 





10.3 + 2.1 (15) 10.0 + 1.8 (23) 








Non-diabetes mellitus- 5.0 + 0.9 (40) 


5.4 + 1.2 (69) 





5.8 + 1.0 (49) 5.4 + 1.1(158) 





All glucose tolerance - 
categories 6.9 + 4.4 (59) 


Known diabetes mellitus 12.54 3.4 (13) 


7.0 + 2.9(105) 


Glycosylated Hemoglobin, % 
11.3 + 2.3 (24) 11.9 


7.9 + 3.8 (75) 7.3 + 2.5 (239) 


11.8 + 2.7 (44)$ 








New diabetes mellitus 15.8 + 4.6 (5)° 


13.4 + 3.0 (4) 14.9 


14.8 + 3.7 (13) 








Stress 


8.0 + 0.6 (8) 7.6 


7.7 + 1.0 (23) 





Non-diabetes mellitus 7.7 + 0:7 (40) 


7.6 + 0.7 (69) 7.6 





Hott Jit jit 


7.6 + 0.7 (158) 





All glucose tolerance 
categories 


Known diabetes mellitus 2.3 + 0.5 (14) 


9.5 + 3.5 (58) 8.7 + 2.3(105) 8.4 + 2. 8.8 + 


.Fructosamine, mmol/L 
2.3 + 0.4 (24) 2.3 


1.6 (238) 


0.4 (6) © 2.3 + 0.4(44)t 





New diabetes mellitus 3.0 + 0.8 (5) 


2.4 + 0.2 (4) 27+ 


0.4 (4) 2.8 + 0.6 (13) 





Stress 


1.9 = 0.2 (8) 


1.9 + 0.2 (15) 19 + 0.2 (23) 





Non-diabetes mellitus 


1.8 + 0.2 (40) 


1.7 + 0.2 (69) 


1.8 + 0.2(158) 





All glucose tolerance 


categories 2.0 + 0.5 (9) 


1.9 + 0.4(108) 


1.8 + 0.2 (49) 


1.9+0.3(74) 1.9 + 0.3(238) 





*Values given are means + SDs; numbers in parentheses indicate number of subjects. 
+One-way analysis of variance between DM subgroups; P < .0001. 
One-way analysis of variance between stroke subgroups; P < .05. 


f RESULTS 

Table 1 shows the mean age of all of 
the subjects, and the mean age and 
numbers of the stroke subgroups and 
glucose tolerance subgroups. Since 
glucose, HbA,, and fructosamine re- 
sults were not available from all 304 
patients and not all subjects fell into 
the four glucose tolerance categories, 
the total number in the glucose toler- 
ance categories was less than 304. 
There was no significant difference in 
mean age between the subgroups when 
categorized according to stroke sub- 
types or glucose tolerance categories. 
Eight percent and 20% of patients 
with cerebral infarct and intracere- 


bral infarct had stress hyperglycemia 


compared with none in the lacunar in- 
farct group (Table 2). If subjects with 
stress hyperglycemia were excluded, 
there was no difference in the distri- 
bution of diabetes mellitus and non- 
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diabetes mellitus subjects between the 
three stroke subtypes. 

There were no differences in mean 
glucose, HbA,, and fructosamine con- 
centrations between the ‘three stroke 
subtypés, adjusting for glucose: toler- 
ance category (Table 3). Overall, sub- 
jects with lacunar infarcts had higher 
HbA, concentrations than other stroke 
subtypes (P < .05, one-way analysis of 
variance between stroke subtypes). By 
definition, glucose, HbA,, and fruc- 
tosamine concentrations varied signif- 
icantly between the glucose tolerance 
groups. However, the mean plasma 
glucose concentration among diabetics 
was similar to that in subjects with 
stress hyperglycemia. 

Overall, for the whole group, the 
highest mean glucose concentrations 
were observed among those who died 
(Table 4) and lowest concentrations 
were observed for patients who recov- 
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Table 4—Mean Glucose, Glycosylated Hemoglobin, and Fructosamine by Outcome, 
Barthel.and Mental Test Scores in all Strokes and in Different Stroke Su>types* 


Glucose, 
mmol/L. 


Glycosylated 
Hemoglobin, % 


Fructosamine, 
mmol/L 





Outcome 
Complete recovery 
Disabled 
Died 





All Strokes 


5.9 + 2.3 (83)t 
7.1 + 3.0 (117) 





Barthel score at 3 mo 
<15 


216 


8.4 + 4.5 (81) ` 


7.0 t 3.6 (47) 


8.6 + 2.2 (78) 


1.2 + 0.3 (80) 





9.1 + 2.7 {107} 


1.9 + 0,4 (109) 





8.8 + 2.8 (83) 





9.0 + 2.3 (41) 


1.9 + 0.4 (83) 


1.8 + 0.4 (43) 





6.4 + 2.6 (125) 





8.8 + 2.6 (119) 





Abbreviated mental test ` 


score at 3 mo 
<7- 
27 


Outcome 
Complete recovery 





6.7 + 4.0 (34) 


1.9 + 0.4 (122) 





8.9 + 2.4 (82) 


0.4 (31) 





6.4 + 2.6 (119) . 





8.8 + 2.7 (112) 


Intracerebral Hemorrhage 


5.9 + 1.7 (17)F 


7.9 + 1.1 (17) 


0.4 (115) 


+ 0.2 (17) 





Disabled 
Died 


6.8 + 2.3 (23) 


8.4 + 1.9 (23) 





9.6 + 4.7 (34) 


8.6 + 3.1 (34) 





Barthel score at 3 mo 
<15 


8.4 + 1.4 (6) 
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5.9 + 1.2 (6) 
6.5 + 2.3 (27) 








Abbreviated mental test 
score at 3 mo 
<7 


=7 


Outcome 
Complete recovery 


Disabled 
Died 


+ 3.6 (5) 


8.1 + 1.7 (27) 


+ 0.2 (22) 
+ 0.4 (34) 


1.8 + 0.2 (6) 
1.8 + 0.3 (27) 





7.6 + 0.8 (5) 





x 1.8 (26) 


8.3 + 1.8 (26) 


Lacunar infarct 


5.7 + 2.7 (24) 


8.5 + 2.2 (24) 





7.5 + 3.7 (25) 
8.5 + 7.8 (10) 


10.3 + 4.0 (24) 


1.8 + 0.1 (5) 
1.9 + 0.3 (26) 


1.2 + 0.3 (24) 
0.6 (25) 





9.8 + 4.2 (10) 


0.5 (10) 





Barthel score at 3 mo 
<15 


8.4 + 5.4 (7) 





11.2 + 3.2 (7) 


0.6 (7) 
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6.3 + 3.0 (36) 


9.1 + 3.4 (35) 





Abbreviated mental test 
score at 3 mo 
<7 


6.9 + 5.0 (7) 


9.9 + 3.1 (7) 





z7 


- Outcome 
Complete recovery 


6.5 + 3.3 (34) 


9.5 + 3.6 (34) 


Cerebral Infarct 


6.1 + 2.7 (27) 


8.8 + 2.8 (27) 


0.5 (36) 


+ 0.6 (7) 
+ 0.5 (34) 





Disabled 
Died 





7.2 + 3.2 (52) 





8.7 + 2.1 (62) 





7.5 = 2.4 (26) 





8.5 + 2.0 (26) 





Barthel score at 3 mo 
<15 








8.6 + 2.1 (24) 
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7.1 + 3.7 (29) 
+ 


6.6 + 2.7 (55) 


8.8 + 2.5 (44) 


0.4 (25) 
0.3 (43) 





Abbreviated mental test 
score at 3 mo 
<7° 


27 


7.0 + 4.9 (14) 





8.5 + 2.5 (15) 





6.6 + 2.6 (43) 


8.6 + 2.4 (42) 


03 (15) 
0.3 (42) 





ered completely. Similar results were 
seen for the group with intracerebral 
hemorrhage. There was no association 
between glucose concentration and the 
degree of disability at 3 months as 
measured by the Barthel or the mental 
test score. Glycosylated hemoglobin 
and fructosamine concentrations were 


-not related to the immediate outcome 


or Barthel or mental test scores. No 
significant relationship was present 
between the three chemical variables 


and outcome measures among subjects 


with atherothrombotic infarction. 

_ When the outcome of subjects in 
different glucose tolerance categories 
was examined (Table 5), those with 
stress hyperglycemia had the highest 
mortality. If this group was excluded 
from analysis, higher numbers of sub- 
jects with diabetes mellitus had dis- 
ability on discharge from the hospital, 
but, by three months, there was no 
difference in the degree of disability or 
mental test score between the diabet- 


ies and nondiabetics. 
COMMENT 
It is 


important to determine 


whether a high serum glucose concen- 
tration immediately after an acute 
stroke directly causes increased mor- 
bidity and mortality, since this factor 
may be therapeutically modified. Ear- 
lier studies have supported this view, 
and a higher mortality rate has also 
been observed among diabetics.” 
However, other studies have not dem- 
onstrated a poorer outcome among 
diabetics.” Recent studies have sug- 
gested that the association between 
admission glucose concentration and 
outcome may be indirect, reflecting 
stroke severity rather than contribut- 
ing directly to the poorer outcome.** 
These conflicting results may be ex- 
plained partly by the failure to include 
subjects with undiagnosed diabetes 
mellitus. The prevalence of undiag- 


*Data given are means +SDs. Numbers in parentheses indicate number of subjects. 
tP<.0001. P< .02. ` 


Table 5—Number of Subjects in Different Glucose Tolerance Categories by Outcome 


No. (%) of Subjects 
SS SS a 
Known Diabetes Mellitus Stress 
+ New Diabetes Mellitus Hyperglycemia 


nosed diabetes mellitus in an elderly 
population in which stroke commonly 
occurs has been estimated to be as high 
as 50%.” Also, failure to divide acute 
stroke into different subtypes may 
make comparisons between different 
studies difficult, since the serum glu- 
cose concentration will be related to 











Non-Diabetes Mellitus 








































eran irti é 57 (81) the degree of stress as a result of acute 
Disability 34 (66) 6 (26) 61 (39) illness, which will in turn, be expected 
Death 14 (23) 17 G4) 38 (24) to depend on the'severity of stroke. 
Harthel'acore at 3 mo 7 Thus Myers et al“ have demonstrated 
<15 13 (83) 1 (67) 26 (20) higher plasma catecholamine concen- 
>15 26 (67) 4 (80) 80 (80) trations among stroke patients com- 
Abbreviated mental test pared with controls, and higher 
score at 3 mo i plasma norepinephrine concentra- 
<7 9 (28) 2 (67) 15 (16) 


tions in patients with cerebral infarc- 
tion compared with those with tran- 
sient ischemic attacks. 














27 (74) 7g (84) 


*\? = 33.4; of = 4; P = .0000. 
+Excluding stress hyperglycemia group: x? = 5.96; df = 2; P = .05. 
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In this study, we have attempted to 
address the problem of unidentified 
diabetes mellitus among the stroke 
subjects and to define clearly those 
with stress hyperglycemia by measur- 
ing two well-established glycemic in- 
dexes, HbA, and fructosamine, as well 
as plasma glucose. The criteria of a 
fasting plasma glucose concentration 
greater than 7.8 mmol/L follows that 
of the World Health ‘Organization 
(Geneva, Switzerland). We have pre- 
viously established, using a 75-g oral 
glucose tolerance test, that the upper 
limit of normal for HbA, in healthy 
elderly Chinese subjects in our com- 
munity is 0.09 and that for -fruc- 
tosamine is 2.20 mmol/L.’ Since the 
mean age of the subjects in the present 
study was 70.3 + 1.5 years, values for 
elderly Chinese would be more appro- 
priate than those for younger age 
groups. Nevertheless, we would not 
have detected all subjects with un- 
known diabetes. Using these criteria, 
only 242 out of 304 subjects could be 
classified into four glucose tolerance 
categories for subsequent analysis. 
The prevalence of undiagnosed diabe- 
tes among our stroke subjects was 
5.8% using these criteria. This figure is 
lower than that in an Australian study 
(11.4%) where only glucose and HbA, 


1. Pulsinelli WA, Waldman S, Rawlinson D, 
Plum F. Moderate hyperglycemia augments is- 
chemic brain damage: a neuropathological study 
in the rat. Neurology. 1982;32:1239-1246. 
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1983;74:540-544, 

3. Oppenheimer SM, Hoffbrand BI, Oswald GA, 
Yudkin JS. Diabetes mellitus and early mortality 
from stroke. BMJ. 1985;291:1014-1015. 

4. Woo E, Chan YW, Yu YL, Huang CY. Ad- 
mission glucose level in relation to mortality and 
morbidity outcome in 252 stroke patients. Stroke. 
1988;19:185-191. i 

5. Power MJ, Fullerton KJ, Stout RJ. Blood 
glucose and prognosis of acute stroke. Age Ageing. 


_ 1988;17:164-170. 
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were used." 

Since different levels of: stress and, 
therefore, of hyperglycernia may occur 
among different stroke subtypes, we 
examined outcome by diferent stroke 
subtypes: Recently, Woo et al‘ have 
suggested that different associations 
between glucose and outcome may be 
observed when subjects with lacunar 
infarcts are separated from those with 
cortical infarcts. Our finding that glu- 
cose concentration was related to im- 
mediate outcome only in the group 
with intracerebral hemorrhage sug- 
gests that hyperglycemia in this group 
was the result of stress, since diabetic 
subjects did not have a higher inci- 
dence of intracerebral hemorrhage. 
The fact that intracerebral hemor- 
rhage comprises 28% o? all strokes 
may account for the diff2rence in re- 
sults between this study and previous 
studies among white populations, 
where the incidence of intracerebral 
hemorrhage is considerably lower." 

One limitation in our study is the 
small number of subjects in some sub- 
groups.: The activities of daily living 
assessment at 3 months would have 


been influenced by confounding factors - 


such as provision of rehatilitation, so- 
cial support, and age, none of which 
have been adjusted for in this study. 
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The performance of the mental test 
would also have been affected by the 
presence 2f aphasia. 

As in other studies, we have found 
that higher serum glucose concentra- 
tions on. admission were associated 
with a poor immediate outcome. How- 
ever, this only occurred among sub- 
jects with intracerebral hemorrhage. 
Unlike pravious studies, diabetics did 
not have z higher mortality than non- 
diabetics. They did, however, have in- 
creased immediate morbidity on dis- 
charge from the hospital; this differ- 
ence disappeared after 3 months. In 
spite of having comparably high fast- 
ing glucose concentrations compared 
with patients with stress hypergly- 
cemia, diabetics did not have higher 
mortality immediately: after acute 
stroke, nor increased morbidity at 3 
months. Therefore, the association be- 
tween glucose concentration and out- 
come is likely to be a reflection of stress 
related ‘to stroke severity, and not a 
result of harmful effects of glucose on 
damaged reurons. 
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Circadian Variation in Onset of Acute Ischemic Stroke 


E. Eugene Marsh III, MD; José Biller, MD; Harold P. Adams, Jr, MD; John R. Marler, MD; James R. Hulbert, PhD; 


Betsey B. Love, MD; David Lee Gordon, MD 


® A circadian pattern for the onset of 
myocardial and cerebral infarction has 
been identified. To evaluate this phenom- 
enon further, we analyzed prospectively 
collected data from 151 patients with 
acute ischemic stroke. The number of 
Strokes per G-hour period were the follow- 
ing: midnight to 6 am, 20 (13%); 6 am to 
noon, 86 (57%); noon to 6 pm, 21 (14%); 
and 6 pm to midnight, 24 (16%). This 
pattern was not affected by previous use 
of aspirin. The most frequent time of onset 
was 6 am to’ noon for all subgroups of 
ischemic stroke: small artery, 71%; cardi- 
oembolic, 62%; large artery atherothrom- 
botic, 57%; large artery atheroembolic, 
46%; and “other” or unknown cause, 
40%. We also investigated the time be- 
tween awakening and stroke onset in 145 
patients and found that 24% of ischemic 
strokes occurred within the first hour after 
awakening. Our data demonstrate that an 
early morning peak exists for all subtypes 
of stroke. Our data also suggest that the 
most critical period is the first hour after 
awakening. j 

(Arch Neurol. 1990;47:1178-1180) 


[itte is known about the series of 

events that cause a patient with 
previously asymptomatic disease to 
suddenly develop an ischemic stroke. 
Recent clinical observations of circa- 
dian variation in onset of acute cere- 
bral ischemia suggest that some of the 
responsible factors may be dependent 
on a circadian rhythm.' Possible vari- 
ables include acute changes in an arte- 
rial plaque, changes in blood viscosity, 
and hematologic alterations that 
would predispose to thrombus forma- 
tion. 

It is not known if this observation is 
specific for individual stroke subtypes, 
or if the important variable is the in- 
terval after awakening rather than the 
time of day. In an attempt to address 
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these questions, we analyzed prospec- 
tively obtained data on 151 patients 
with acute ischemic stroke admitted to 
the University of lowa Hospitals and 
Clinics, Iowa City, between May 1986 
and August 1987. 


SUBJECTS AND METHODS 


The time of onset of symptoms and prob- 
able mechanism of stroke were available 
for 151 patients and the time of awakening 
for 145. This information, along with other 
historical data, was obtained from the pa- 
tient, family members, or other observers. 
The probable etiology of stroke was estab- 
lished using a modification of the Harvard 
Cooperative Stroke Registry criteria? and 
was based on clinical presentation and 
diagnostic studies. 

All patients were seen within 24 hours 
after the onset of stroke. The time of onset 
was plotted in 2-hour epochs for all stroke 
patients and for patients taking aspirin at 
the time of stroke. The time of stroke onset 
for the different etiologic subtypes was di- 
vided into 6-hour segments. In addition, 
“lapse time” was calculated by subtracting 
time of stroke onset from time of awaken- 
ing. Lapse time was plotted over 24 hours. 

It has been suggested that a morning in- 
crease in stroke onset could be due to 
patients waking with neurological deficits 
as a result of a stroke that could have 
occurred at any time during the night. 
Therefore, a separate analysis was per- 
formed for all stroke patients after redis- 
tribution of those with stroke on awaken- 
ing. It was assumed that members of this 
subgroup had their stroke at some point 


during the previous 8 hours; therefore, they 
were randomly assigned a number between 
one and eight, and this number was sub- 


` tracted from the time of awakening to cal- 


culate the estimated time of stroke. 

Statistical analysis involved compari- 
sons of observed distributions of stroke 
over 24-hour periods with hypothesized 
uniform distributions. The statistical test 
used-is the x? “goodness of fit” test for a 
single population? 


RESULTS 


There were 89 men and 62 women, 
ranging in age from 19 to 86 years 
(median age, 63 years). The probable 
etiology of stroke was large artery 


atherothrombotic in 49 (32.5%), large- 


artery athercembolic in 87 (24.5%), 
small artery in 34 (22.5%), cardiocem- 
bolic in 21 (13.9%), and other or un- 
known in 10 (6.6%). A majority of 
strokes occurred between 6 AM and 
noon (Fig 1). Statistical analysis ré- 
vealed x? = 100.72 (P < .0001), demon- 
stn a low probability that the ob- 

served pattern could occur as a result 
of random distribution. This pattern 
was preserved after redistribution of 
those patients with stroke on awaken- 
ing as described above (x? = 61.18, 
P < .001) (Fig 2). The number of pa- 
tients with onset of ischemic stroke in 
each 6-hour period for each subgroup 
is depicted ir the Table. In each sub- 
group except other or unknown, a sta- 
tistically significant increase in stroke 


Fig 1.—Time of stroke onset for all patients with ischemic stroke. 
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wa 


onset between 6 AM and noon was 


noted. 


The use of aspirin before stroke on- 
set did not appear to have an effect on 
the observed pattern (Fig 3). Calcula- 
tion of lapse time demonstrates that 
ischemic stroke occurring while awake 
was more likely to oceur within the 
first 6 hours after awakening (67% of 
patients), particularly during the first 
hour (80% of patients) (Fig 4). 


COMMENT 


Muller et al* reported that the time 
of onset of acute myocardial infarc- 
tion, as determined by the time of on- 
set of pain and elevation of cardiac en- 
zyme levels, was highest between the 
hours of 6 AM and noon. A similar pat- 
tern has been detected in other studies 
of patients with myocardial infarc- 
tion, patients with sudden cardiac 
death, and patients with transient 


myocardial ischemia.®’ 


A number of groups have evalu- 
ated the time of onset of ischemic 
stroke.!*4 While there are consider- 
able variations in patient populations 
and methods, most studies note a peak 
onset during the day, particularly in 
the morning hours. Recently, Marler et 
al' categorized the time of onset of is- 
chemic stroke in 1167 patients by 2- 
hour epochs and noted more strokes 
between 10 AM and noon than during 
any other 2-hour period.’ Our study 
also demonstrates a morning peak but 
is the first to demonstrate more spe- 
cifically the importance of time after 
awakening. After eliminating the 29 
cases of stroke onset at the time of 
awakening, approximately 30% of pa- 
tients in our study had the onset of is- 
chemic stroke within the first hour of 
awakening. A similar pattern has been 
noted in studies of patients with tran- 


sient myocardial ischemia.® 


Our study also demonstrates that 
the timing of stroke onset is not spe- 
cific for subtypes based on the mecha- 
nism of stroke. Tradition holds that 
thrombotic stroke is more likely to 
occur at night and embolic stroke is 
more likely to occur during activity. 
Even though the number of patients in 
some of our subgroups is small, our 
data do not support these impressions. 
In our study, all stroke subtypes had 
péak onset between 6 AM and noon. 

Proposed mechanisms to explain 
these observations include circadian 
changes in physical’ activity, blood 
pressure, catecholamine levels, plate- 
let aggregability, blood viscosity, and 
blood coagulability.. Arterial blood 
pressure does follow a circadian pat- 
tern, with the lowest pressure occur- 
ring during the early morning and 
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Fig 2.—Time of stroke onset jor all patients with ischemic stroke after redistribution of patients 
with stroke first noted at the fime of waking. _ 


Time of Stroke Onset, No. (%) 
errr ER, 
Midnight-6 am 6 am-Noon Noon-6 pm 6 pm-Midnight Total 


-86 (57) 21 (14) 24 (16) 

28 (57)* 6 (12) 7 (14) 

“17 (46)t 9 (24) 5 (14) 
Smali artery 24 (74 3 (9) 4 (12) 
Cardioembolic 13 (62)§ 1 (5) 5 (24) 
Other or unknown 4 (40)j 2 (20) 3 (30) 

“x? = 27.16, P = 007, f= 3. | 

ty? = 9.59, P= .044, df = 3. 

$y? = 37.77, P< .0001, of = 3. 

8x? = 16.90, P = .0007, of = 3. 

lx? = 2.00, P = .0572, of = & 


Etiology 





All strokes 
Large artery atherothrombotic 
Large artery atheroembolic 

























Fig 3.—T me of stroke onset for patients taking aspirin. 
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Fig 4.—Lapse time (time of awakening subtracted from time of stroke onset) for patients with is- 
chemic stroke for whom information is available. Those patients who had the onset of stroke at 
awakening were assigned a lapse time of zero. 


highest in the middle-to-late morn- 
ing. A transient increase in blood 
pressure might induce hemorrhage 
into an asymptomatic atherosclerotic 
plaque, increasing the degree of steno- 


sis and/or initiating the coagulation 


cascade. Platelet aggregability and 
activation also increase during the 
morning hours.!”"* However, the use of 
aspirin has not been shown to affect 
circadian variation in onset of myo- 
cardial or cerebral infarction.'> Our 
results confirm this observation. He- 
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matocrit and blood viscosity fluctuate 
during the day, with a peak in the 
morning.” This could contribute to 
an increased likelihood of developing 
symptomatic cerebral ischemia during 
the morning hours. 

Diurnal alterations in the normal 
balance between thrombosis and 
thrombolysis could play a major rolein 
determining the time of stroke onset. 
A circadian variation in partial throm- 
boplastin time, thrombin time, and 
factor Xa inhibition was demonstrated 
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in six patients with venous thrombosis 
during 48 hours of constant heparin 
infusion. Each parameter was highest 
at night and lowest in the morning.” 
Fluctuations in fibrinolytic activity 
during the day have also been demon- 
strated. Endogenous tissue plasmino- 
gen activator activity is lowest in the 
morning and gradually increases dur- 
ing the day, corresponding to levels of 
plasminogen activator inhibitor. 2? 

Recently, the effect of circadian fluc- 
tuations in central dopamine activity 
on the risk and/or extent of cerebral 
ischemia was discussed.“ It is possi- 
ble that this and/or other factors re- 
sult in an increased susceptibility of 
the brain to significant and symptom- 
atic ischemia during the morning 
hours. 

No single factor is likely to explain 
the morning peak for stroke onset. 
Even though the high rate of stroke 
onset within 1 hour after waking sug- 
gests that activity-related phenomena 
may be important, it is not possible to 
measure the relative contributions of 
absolute time of day and time after 
awakening in our patient population. 
This would require a large group of 
patients with a variety of sleep-wake 
cycles, such as shift workers. Our ob- 
servations suggest that the underlying 
mechanisms should be applicable to a 


‘variety of stroke subtypes. At this 


time, we favor a variation in the 
body’s thrombotic/antithrombotic bal- 
ance or variation in the brain’s suscep- 
tibility to ischemia. Future studies will 
be needed to clarify this issue further. 
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Nontraumatie Coma 


Glasgow Coma Score and Coma Etiology as Predictors of 2-Week Outcome 


Ralph L. Sacco, MD; R. VanGool, MD; J. P. Mohr, MD; W. A. Hauser, MD i 


@ In 1987 and 1988, we carried out a 
prospective study of patients older than 
10 years with nontraumatic coma in the in- 
tensive care units of Columbia-Presbyte- 
rian Medical Center, New York, NY. Of 188 
patients with Glasgow Coma Scale (GCS) 
determinations within 72 hours, 61% were 


dead or in persistent coma by 2 weeks. 


from onset. Age, sex, and ethnicity did not 
influence outcome. The 2-week outcome 
for patients with initial GCS of 3 to 5 was 
14.8% awake; 85.2% were dead or in per- 
sistent coma. For the GCS 6 to 8 group, 
53.1% were awake and 46.9% were dead 
orin persistent coma. Hypoxic or ischemic 
coma had the worst 2-week outcome (79% 


dead or comatose); coma caused by met- ` 


abolic disease or sepsis (68%), focal ce- 
rebra! lesions (66%), and general cerebral 
diseases (55%) were intermediate, while 
drug-induced coma had a favorable out- 
come (27% dead or comatose). The inde- 
pendent predictors of 2-week outcome 


were the first GCS and drug-induced 


coma. The predicted probability of waking 
at 2 weeks was eight times better for 
drug-induced coma than other causes 
when GCS was held constant. Patients 
with an Initial GCS score of 6 to 8 were 
seven times more likely to waken than 
those with a score of 3 to 5. The motor 
subscore alone was a significant indepen- 
dent predictor of 2-week outcome. Modifi- 
cation of coma score to include etiology 
may give more accurate predictions of 2- 
week outcome after nontraumatic coma. 
(Arch Neurol. 1990;47:1181-1184) 


n the absence of standardized. as- 

sessments, verbal descriptions of 
the level of consciousness may lead to 
ambiguities and misinterpretations 
when patient information is ex- 
changed between medical personnel, 
when different treatment methods are 
compared, or when comparisons are 
made among different centers or 
studies. The need for a consistent, re- 
liable, and sensitive scale led to the 


development of the Glasgow Coma 
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Seale (GCS) in 1974 in patients with 


acute head injuries.' The GUS was used 
in 76% of published head injury stud- 
ies between 1983 and 19€5. For pa- 
tients with severe head injury, both 
the type of lesion and the GCS score 
accurately predict outcome.’ In pa- 
tients with nontraumatic zoma, how- 
ever, recovery is also related to the 
cause of coma‘ and the GUS has not 
been widely used in studizs of acute 
cerebral disorders.’ We have therefore 
evaluated coma etiology and GCS 
scores as predictive factors for 2-week 
outcome of nontraumatic coma. 


PATIENTS, MATERIA-S, 
AND METHODS 
Patient Selection 


For 10 months from September 1, 1987, to 
June 30, 1988, we surveyed the six intensive 
care units of Columbia-Presbyterian Medi- 
cal Center, New York, NY: neurologic, car- 
diac, surgical, medical, cardiac-surgery, 
and pediatric. We identified 234 patients in 
coma, defined broadly as unresponsiveness 
to external stimuli for more than 6 hours. 

We excluded children because a pediatric 
coma scale has been used for patients 
younger than 10 years.> We also excluded 
coma arising from trauma or acute enceph- 
alopathy of unknown cause, and patients 
seen later than 72 hours after onset of coma 
because the aim was to analyze nontrau- 
matic coma of known cause and GCS score 
at onset. 


Data Collection 


After a 1-month pilot study, w2 organized 
a surveillance system and a survey form 
was used to record the followirg: medical 
record number, date of birth and age, gen- 
der, ethnicity, location of patient, time of 
coma onset and time of Glasgow Coma 
Score assessment, coma etiology, the GCS 
subscores, and status at 2 weeks Ethnicity 
was categorized as white, black, Hispanic, 
and other. Time of coma onset was taken 
from the medical record. 

Coma etiologies were grouped into five 
categories: (1) hypoxie or ischemic injury 
included cardiac arrest, cardiopulmonary 
arrest, myocardial infarction, acute respi- 
ratory failure, congestive heart failure, and 
chronic obstructive pulmonary disease; (2) 
focal cerebral injury included brain tumor, 
brain abscess, brain infarct, or intraparen- 
chymal hemorrhage; (8) genera. cerebral 
injury included meningitis, hydrccephalus, 
intraventricular hemorrhage, and sub- 
arachnoid hemorrhage; (4) metabolic or 
septic encephalopathy included becterial or 
human immunodeficiency virus infection or 


disturbances in electrolytes, and acid/base 
disequilibrium; and (5) drug-induced or 
toxic injury included drug overdose and 
coma persisting 24 héurs after discontinu- 
ation of sedacive drugs. The cause of coma 
was based or clinical and laboratory data 
from the medical record and, often, discus- 
sion with the admitting physician. 

The total Glasgow Coma Score was cal- 
culated as the sum of the motor, verbal, and 
eye subscores (Table 1). No patient was re- 
ceiving paralyzing agents at the time of 
GCS assessment. The verbal score in intu- 
bated patients was difficult to accurately 
record and was sometimes based on non- 
verbal communication. For each patient the 
best response for each item was retained.! 


Follow-up 


Two-week outcome was categorized as 
dead, persistent coma, or awake. Awake 
was defined as eye-opening spontaneously 
or in response to speech and, either appro- 
priate response to commands, or recogniz- 
able words spcken in response to speech or 
pain.’ 


Analyses 


Two-week outcome was determined for 
each level of the Glasgow Coma Score, coma 
etiology, and demographic variables. Sta- 
tistical significance was determined by x? 
test for categorical variables and by the 
unpaired ¢ test for the means of continuous 
variables. The relationship of the GCS 
score to 2-week outcome was evaluated af- 


` ter stratification by coma etiologic subtype. 


The overall relationship was evaluated us- 
ing the Mantel-Haenszel x? statistic. 

Logistic regression was used to assess the 
independence of predictors for outcome.’ 
All independent variables were entered into 
the model and after backward elimination 
only factors significant at the .05 level were 
retained. The dependent variable was 2- 
week outcome: awake vs dead or persistent 
coma. Using this method, the conditional 
probability of death or persistent coma 
(given the valves of X1, X2...) was ex- 
pressed as the following function of predic- 
tive factors: 


Probability of Death or Persistent 
Coma = V1 + e7 Be + BIX) + B2X2 +... BrXr 


where BO, Bi, ... Br are measures to be es- 
timated by maximum likelihood estimation 
from the data, and the X1, X2,... are the set’ 
of values for a particular individual. There 
was no assumption of multivariate normal- 
ity for these covariates. 


RESULTS 


From September 1, 1987, to June 30, 
1988, we founc. 234 patients in coma. 
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We excluded 26 patients younger than 
10 years, 12 with traumatic coma or 
coma due to acute encephalopathy of 
undetermined cause, and eight who 
were not evaluated within 72 hours of 
onset. We then restricted analysis to 
169 patients with a GCS score of 8 and 
under, a cutoff score used in many 
studies. i 

By 2 weeks, 44.4% had died, 21.5% 
were in persistent coma, and 33.1% 
were awake (Table 2). The mean age of 
the cohort was 59.3 years, with a range 
of 18 to 96 years. There were 87 men 
and 82 women, comprising 96 (56.8%) 
whites, 44 (26.0%) blacks, 26, (15.4%) 
Hispanics, and 3 (1.8%) others (Table 
2). Elderly men (age, 70 to 96 years) 
were more likely to have died by 2 
weeks. Hispanics had the worst 2-week 
outcome with only 23.1% awake at 2 
weeks, compared with whites with 
38.5% awake. However, neither age, 
gender, or ethnicity were related to 2- 
week outcome. 


Relationship of initial GCS to 
2-Week Outcome 


The GCS score was assessed within 
24 hours of coma onset in 80% of 
patients and within 48 hours in 92.3% 
of patients. Of all patients in coma for 
24 hours or less at the time of initial 
scoring, 64.4% had a poor outcome 
(dead or in persistent coma) at 2 weeks 
after coma onset. For patients with an 
` interval of 24 to 48 hours between coma 
onset and coma scoring, 71.4% had a 
poor outcome at 2 weeks. 

The proportion awake at 2 weeks in- 
creased with higher initial GCS scores, 
but the increase was not linear. Re- 
gardless of the initial GCS score, there 
was a consistent 20% risk of persistent - 
coma at 2 weeks. The 2-week outcome 
for 88 patients with initial GCS score 
of 3 to 5 was 14.8% awake and 85.2% 
dead or in persistent coma. For those 
with GCS of 6 to 8, 53.1% were awake 
and 46.9% were dead or in persistent 
coma (Table 3) (x? with 1 df, P < .001). 


Relationship of Coma Subtype 
to 2-Week Outcome 


Hypoxic or ischemic injury was the 
cause of coma in 61 (36.1%), focal 
cerebral lesions in 38 (22.5%), meta- 
bolic or septic in 37 (21.8%), general- 
ized cerebral in 22 (13.0%), and drug- 
induced or toxic coma in 11 (6.5%). 
Hypoxic or ischemic coma had the 
worst 2-week outcome: 54.1% were 
dead and 24.6% were in persistent 
coma, with 21.3% awake (Table 4). 
Hypoxic or ischemic coma subtype also 
had the greatest percentage of pa- 
tients in the deep-coma group (GCS 


score, 8 to 5). Focal cerebral lesions 
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Oriented 


Verbal Response 


Eye-Opening Response 
Spontaneous 





Localizes Disoriented 


Withdraws 


Inappropriate 





Flexion 


Incomprehenisible 


To speech 
To pain 
None 











Extension None 





None 
* Numbers indicate Glasgow Coma Scale scores. 


Table 2.—Two-Week Outcome and 
Demographic Characteristics in 
Patients With Nontraumatic Coma 


` Two- 
Week, 
N Awake 


169 


Outcome, . 
Dead/ 


Variable Coma P 


Mean age 
Sex, % 
Male 87 
Female 82 
Race, % 
White 96 
Black 44 
Hispanic 26 
, Other 3 
All ” 169 


*Unpaired ¢ test —.49, not significant (NS). 
tx? with k of 





` and metabolic or septic coma had a 
' better outcome. Generalized cerebral 


injury had a slightly better outcome, 
with 36.4% of the patients dead, 18.2% 
in persistent coma, and 45.4% awake. 
Drug-induced coma had the most fa- 
vorable outcome: none died, 27.38% 


` were still comatose, and 72.7% were 
awake. The percentage of patients 


with persistent coma was similar 
among the different coma subtypes. 
After stratifying by coma subtype, 
the relationship between the initial 
GCS score and 2-week outcome re- 
mained significant (Cochran-Mantel- 
Haenszel x’, P < .001) (Table 5). Ex- 
cept for patients with general cerebral 


` injury and patients with drug-induced. 


coma, a higher initial categorical GCS 
score was associated with a signifi- 


_cantly greater chance of waking by 2 


weeks. 

A logistic regression model demon- 
strated that the initial GCS score and 
drug-induced coma subtype were inde- 


- pendent predictors of 2-week outcome 


(Table 6). Age, gender, ethnicity, and 
interval between coma onset and coma 
scoring were not significantly associ- 
ated with outcome. The estimated 
probability of waking from coma in- 
creased with increasing GCS score, but 
the risk depended on etiology (Figure). 
Glasgow Coma Scale was entered as a 
continuous variable ir model 1 or cat- 
egorized as 3 to 5 or 6 to 8 in model 2. 
Our model estimated that patients in 
drug-induced coma were eight times 





Table 3.—Two-Week Outcome of 
Nontraumatic Coma and Initial 
Glasgow Coma Score 


Initial 
Glasgow 
Coma 
Score 


` Two-Week 
‘Outcome, % 
ee. ny, 
N Awake Dead/Coma P 


69.8/ 17.5 
68.7/12.5 
55.6/22.2 
18.2/30.3 
25.0/25.0 
18.8/18.7 
85.2 | 
46.9 
44.4/21.5 








*\? with 1 of. 


more likely to wake at 2 weeks than 
those witk nondrug-induced coma 
when GCS was held constant. Irrespec- 
tive of. coma etiology, patients with 
GCS scores of 6 to 8 were seven times 
more likely awake than those with ini- 
tial scores of 3 to 5. In a model to assess 
individual GCS subscores (model 3), 
motor score was the only significant 
independent predictor of 2-week out- 
come. When combined with drug-in- 
duced cause (model 4), the motor score 
alone was similar to the entire GCS 
score in predicting 2-week outcome 


' (Table 6). 


COMMENT 


Predictors of coma outcome are im- 
portant for allocation of time and ef- 
fort to patients with a more favorable 
prognosis and for optimal stratifica- 


tion of patients enrolled in experimen- - 


tal treatment protocols. The GCS pro- 
vides adequate information to identify 
specific levels of consciousness and to 
categorize the severity of coma. The 
GCS is often used as the inclusion cri- 
terion and for follow-up assessment of 
patients in multicenter studies. In our 
study of patients with nontraumatic 
coma, GCS was found to be a reliable 
predictor of 2-week outcome. Patients 
with GCS sccres of 3 to 5 had a greater 


‘risk of death or persistent coma at 2 
weeks than patients with higher scores - 


of 6 to 8. The estimated probability of 
waking from nontraumatic coma by 2 
weeks was seven times higher in those 
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` : Table 1.—Glasgow Coma Scale* 


Motor Response . 
Obeys commands 


Table 4.—Two-Week Outcome of Nontraumatic Coma: and Coma Etio‘ogy- 


Coma Etiology No. (9%) - 


g Two-Week Outcome, %.. 


& . z o $ 


Awake Dead” Coma 





- 61-(36. 1) 


21.3 54.1/24.6 





} Hypoxic or ischemic 


Metabolic or septic ‘87 (21.8) 


32.4 - 48.7 418.9 





Focal cerebral 38 (22.5) 


: 34.2 . 47.41184. 





General cerebral © 22 (13.0) 


45.4 36.4! 18.2 





Drug-induced _ 11 (8.5) 


72.7 0/27.3 





Al: ; i 169 
*y? with 8 df 





33.1 ` 44.47215 


Table 5. —Two- ‘Week Outcome of Nontraumatic Coma and initial Glasgow Coma Score 
(GCs) Stratified by Coma Etiology” 


Coma Etiology 


Two-Week Outcome, %. 
o_o Cr’'’'’'|'- Ores 
Awake Dead/Coma' - 





Hypoxic or ischemic 





14.0 . 8&0% 
` 38.9 jo 61.4 





ares 
t 





Metabolic or septic 


0 100 } 
54.3 - 45.4 





Focal cerebral _ 





114.1 ~ 88.9 
55.0 - 45.0 








General cerebral 


` 28.6 714 
53.3 `~ 46.7 





Drug-induced 





60 . 40 } 
83.3 ` 16.7 





*NS indicates not significant. 
{Stratum specific x? with 1 df. 
Summary Cochran-Mantel-Haenszel x°. 


pe 1.0 


| Nondrug Induced- 
l c] Drug Induced 


0.8 


0.6 


Probability 


0.4 
0.2 


0.0 
3-5, 





33.1 - ‘66.9 





6-8- 


Initial Glasgow Coma Score 


Probability of waking by 2 weeks from nontraumatic coma estimated from a logistic regression 
mode! based on initial eee Coma Score and coma etiology: - 


i ee a higher initial GCS score. 
#_ The GCS, first used to study trau- 
matic head injury, has proven to be 


both reliable’ and an accurate predice- - 
tor of outcome for this entity.™ In one. 
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silly. 59% of those with GCS scores s3 


to 5 died, compared with.18% cf those 
with GCS scores of 6 to &. In this study 


of nontraumatic coma, prognosis was - 


similar. A 3 to 5 GCS was associated 


with a 2- week mortality of 67%, com- 
-pared with 20% of those in the 6 to 8 


group. Duration.of coma has been as- 
sociated with poorer outcome. in both 


. traumatic coma’ and the present se- 


ries. 
. In other studies of nontraumatic 
coma, in which drug-induced coma was 
excluded, favorable predictors from 
the GCS included production of incom- 
prehensible speech, eye-opening after 
noxious stimuli, and withdrawal mo- 
tor responses (GCS of 8). After 24 
hours, oriented, confused, or even inap- 
propriate verbal responses and ‘obey- 
ing commands ‘or localizing motor re- . 
sponses were good signs. Patients who 
spoke, had eye-opening in response to 
noise, and obeyed commands had a 
better 1-year functional outcome.’ The 
GCS on the day of admission was an 
accurate predictor of 80-day status in 
patients with intracerebral hemor- 
rhage."-2 A GCS of 8 or lower implied 
a 30-day mortality of 718%." For out- 
of-hospital cardiac resuscitation, pa- 
tients with a GCS of 3, 1 hour after ar- 


- rest, had 100% mortality.” No patient 


with a GCS score of 3 to 4 had a “suc- 
cessful CPR” after 2 weeks. These 
risks are similar to our findings of an 
85% risk of death or persistent coma 
after 2 weeks in patients with a GCS of ` 


'. 8 to 5. 


The. GCS motor subscore alone was 
as accurate as the total GCS in pre- 
dicting 2-week outcome of nontrau- 
matic coma. In those with acute head 
injury or hypoxic-ischemic coma, 
the motor response accounted for al- 
most all the Predictive power of the 
GCS. | 

In addition to GCS, -we found that 
drug-induced coma etiology was an in- 
dependent predictor of favorable out- 
come, with eight times the predicted 
probability of waking at 2 weeks com- 
pared with nondrug induced, when 
GCS was held constant. For coma from 
head injury,the type of intracranial le- 
sion influenced outcome independent- 
ly of the initial GCS score. In another 
prospective study of coma not caused 
by trauma or drugs, the 1-month out- 
come from coma differed little among 
the various diagnostic categories: 


‘However, functional recovery at 1 year 


was related chiefly to early clinical 
signs of neurologic damage and, to a. 
lesser degree, the cause of coma.’ 

In our analysis hypoxic or ischemic 


. coma had a worse outcome than focal 


cerebral disease, such as brain infarc- 


- tion or hemorrhage. Also, metabolic or 


septic causes of coma had a higher 
mortality than in other studies.** In 


- one series, patients with subarachnoid 


hemorrhage, brain infarct, and brain 
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Table 6.-~Odds Ratios Estimated From Logistic Regression Models for the Dependent 
Variable of Waking After 2 Weeks From Nontraumatic Coma* 


Variable Beta 


SE Odds Ratio 





Model { 


GCS (3-8) 0.537 


- 108 1.7 





Drug induced (yes/no) 2.142 


-768 8.5 


Model R = .395 





Model 2 


GCS (3-5 = 0, 6-8 = 1) 1.959 


-392 








Drug induced (yes/no) 2.079 





774 


Model R = .393 





Model 3 


Motor score (1-8) 0.642 


-163 





Eye score (1-5) 0.372 


297 





Verbal score (1-4) 0.126 


.719 


Mode! R = .369 











Model 4 


Motor score (1-6) 0.772 


-150 





Drug induced (yes/no) 2.161 


* GCS indicates Glasgow Coma Score. 


hemorrhage had the worst prognosis, 
followed by those with hypoxic or is- 
chemic injuries; coma due to hepatic 
encephalopathy or metabolic causes 
had the best prognosis.‘ Others have 
found similar high risks of persistent 
coma and death in patients with hy- 
poxic or ischemic injuries’*"* and that- 
outcome of coma after cardiopulmo- 
nary arrest depended on initial depth 
of coma.” For patients with drug- 
induced or toxic coma, 25% were in 
persistent coma after 2 weeks, and 
none had died. This compares favor- 
ably with the mortality of 6.2% in pa- 
tients with drug overdose and a GCS 
score of 8 or less." 
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778 


Model R = .414 





Age, gender, ethnicity, and interval 
between coma onset and coma scoring 
were not independent predictors of 
outcome in nontraumatic coma. In 
coma after head injury, age was an 
important determinant of outcome,” 
but in other studies of nontraumatic 
coma, age had no effect on out- 
come.*67-16 

The GCS alone does not precisely 
describe brain function in comatose 
patients. For assessment of patients 
who are stuporous or comatose, the es- 
sential parts of the neurologic exami- 
nation should include the following: 
state of consciousness, breathing pat- 
terns, pupillary light reaction, eye 
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movements, ocular reflexes, and motor 
responses.**”62 Patients who within 
hours of coma onset lack two of the 
corneal, pupillary, and oculovestibu- 


lary responses have little chance of ` 


ever regaining independent function. 
The GCS is considered a good scale 
for the most severe head injuries, but 
it is less sensitive for mild to moderate 
head-injured patients at risk for 
deterioration.“ Attempts to develop a 
more sensitive coma scale have led to 
the formulation of the Comprehensive 
Level of Consciousness Seale, Edin- 
burgh-2 Coma Scale,” Reaction Level 
Seale,“ and Glasgow-Liege Scale.” 
Our results indicate that an early 
indication cf prognosis can be made 
from the combination of the GCS and 
etiologic subtype of coma. At a time of 
rising costs of intensive care, factors 
that provide early prognostic informa- 
tion can aic in decisions about the al- 
location of resources. Knowing the 
predicted probability of outcome may 
assist in clinical therapeutic decisions 
and advising others, including fami- 
lies, about the prognosis. Identifica- 
tion of the predictors of outcome after 
coma will facilitate the design and in- 
terpretation of experimental and ob- 
servational epidemiologic studies. 
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Quantitative Electroencephalographic Correlates 
of Cognitive Decline in Normal Elderly Subjects 


Peter C. Williamson, MD; Harold Merskey, DM; Sandra Morrison, MA; Kiran Rabheru, MD; Hannah Fox, MB; 
Kim Wands; Cindy Wong, MSc; Vladimir Hachinski, MD 


è We obtained a topographic computer 
analysis of the electroencephalogram in 
53 normal elderly subjects. Normal aging 
was not associated with an increase in 
slow (delta) activity. However, cognitive 
performance correlated positively with 
fast (beta) activity particularly in frontal 
leads, even after controlling for age, edu- 
cation, occupation, and medication. Five 
subjects who showed early signs of cogni- 
tive decline, had all a marked reduction in 


beta activity suggesting that this may be | 


an early indication of intellectual loss. 
{Arch Neuroi. 1990;47:1185-1188) 


onventional 
electroencephalographic (EEG) 
studies of normal aging have produced 
contradictory results. Some studies 
suggest that normal aging is accom- 
panied by the gradual development of 
slow activity in the theta band and a 
decrease in the frequency and amount 
of alpha activity.’? Beta activity has 


. been found to increase with age in fe- 


males but not in males? _ l 

Other investigators report that the 
EEG in normal elderly subjects differs 
little from that of normal younger 
subjects.** Duffy et al’ have even found 
that normal aging may be associated 
with desynchronization, with a de- 
crease in slow activity and an increase 
in beta activity. Patients with medical 
illnesses were carefully excluded from 
this study, which may explain the dif- 
ferences from earlier series. 

Work with demented patients has 
produced less contradictory results. 
Both conventional and quantitative 
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and quantitative 


EEG examinations have suggested 


‘that patients with dementia of the 


Alzheimer type tend to have more 
delta and theta activity, alpha slowing, 
and decreased beta activity.” How- 
ever, there is no agreement on which 
change occurs first. Gordon” observed 
that reduction in alpha activity was 
the earliest change. Johannesson et al! 
and Penttila et al’? considered that 
theta increases were the first change 
seen, whereas Coben et al” ‘have re- 
ported that increased theta and de- 
creased beta were the earliest changes. 
Few studies have assessed EEG coher- 
ence in these patients, but Prichep et 
al” found a general decrease in inter- 
hemispheric ‘coherence in patients 
with dementia compared with normal 
subjects. 

All of these studies examined pa- 
tients who already were diagnosed as 
probably having Alzheimer’s disease 
on the basis of clinical examination or 
psychological testing. The purpose of 
this investigation was to examine the 
quantitative EEG of healthy elderly 
subjects, with particular attention to 
those who may show evidenc2 of very 
early cognitive decline. The subjects 
studied were participating as a control 
group in a longitudinal study of de- 
mentia. We examined correlations be- 
tween quantitative EEG variables and 
the Extended Scale for Dementia 
(ESD), which is a scale sensitive to 
cognitive decline.’* In addition to cor- 
relations on all right-handed subjects 
at one point in time, we raviewed 
quantitative EEG findings in those 
subjects who demonstrated a decline 
in their ESD values over time but who 
still had values in the normal range. 


SUBJECTS AND METHODS 
Subjects 


Fifty-three normal elderly subjects were 
studied. The mean (+SD) age of the men (n 
= 30) was 73.9 + 4.0, with a range of 65 to 
81 years. The mean (+SD) age for the 
women (n = 23) was 71.9 + 8.6, with a range 


i 


of 41 to 85 years. Forty-nine were right 
handed and four men were left haùded or 
ambidextrous. Of 26 right-handed men, the 
mean (+SD) age was 73.6 + 4.0, with a 
range of 65 to 81 years. All were partici- 
pants in a control group for a longitudinal 
study of dementia at the University of 


. Western Ontario, London.” Informed con- 


sent was obtained for participation in this 
study. Each subject underwent a system- 
atic physical and neurologic examination 
supervised by one of us (V.C.H.).# Subjects 
with significant psychiatric illness, uncon-- 


. trolled. hypertension or diabetes, angina 


pectoris, myocardial infarction, or neuro- 


- logic findings were excluded. Values were 


assigned for previous levels of occupation 
and education, respectively, on the basis of 
a Canadian scale of occupations’? and on 
years of education. Twenty-two subjects 


. were taking no medication. Twenty-two 


subjects were taking an anti-inflammatory - 
or antihypertensive agent; one was taking 
thyroid replacement but was clinically eu- 
thyroid; one was taking an oral hypoglyce- 


_mic agent and one patient was receiving al- 


lopurinol. No information was available on 
medication use in one subject. 


Cognitive Measures 


The subjects were all being assessed reg- 
ularly at an approximately 6-month inter- 
vals with the ESD. The ESD is comprised of 
items” that measure cognitive decline from 
mild to severe levels of dementia. The scale 
has been shown to have a high level of in- 
ternal consistency” and correlates highly 
with duration of illness and EEG changes 
in Alzheimer’s diseases”? 

In each case, the nearest ESD score to the 
date of the EEG was used for correlation 
analysis. The mean time to this point was 
0.74 months, ie, less than 1 month subse- 
quent to the EEG. In 49 subjects, all ESD 
scores were within 6 months of the EEG 
with the exception of one subject who was 
scored within 14 months of the EEG. In ad- 
dition, ESD scores from the earliest to the 
most recent were reviewed by two of us 
(P.C.W., H.M.) for signs of decline within 
the normal range, without knowledge of the 
individual EEG results. 


Quantitative EEG 


The EEG data were acquired on a com- ` 


puter-based system (QSI 9000) from stan- 
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` Table 1.—Electroencephalographic 
Power and Coherence at F,C; and 
F,C, for Right-Handed Subjects * 





Coherence 
Delta 
Theta 
Alpha 
Beta 


* Right-handed subjects (n = 49). 





Table 2.—Electroencephalographic 
Power Differences Between Men and 
Women 


Men Women 
(n= 26) (n = 23) t 





FaCa 
6.2+5.1 10.345.8 -2.66 . 
6.345.4 11.446.2 -3.35 . 
P30, 
6.3+6.8 11.149.141 —2.17 . 
43434 6423.2 -2.21 | 
P.O; 
6546.2 13.5412.56 —2.43 . 
4643.7 85410.0 —1.80 . 








Fig 1.—Product-moment correlation 
coefficients (9 between the extended 
scale for dementia and beta 1 and beta 
2 power controlling for education at all 
locations studied. 


Beta Ir 





Table 3.—Statistically Significant 
Product-Moment Corralation 
Coefficients (/) Between Age and 
Power in Men and Women 


=.41 
Females 


—.43 


—.44 
—.60 





Bipolar Leads 
Nasion 





Inion 
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dard 10/20 electrode locations.“ The EEG 
was collected with eyes closed and the elec- 
tro-oculogram was monitored to exclude 
eye movement. Artifacts due to eye move- 
ment, muscle tension, and drowsiness were 
excluded via ar automatic computer rejec- 
tion program end visual inspection of the 
record. A minimum of 20 seconds of arti- 
fact-free EEG data using averaged 2.5-sec- 
ond epochs were selected. These samples 
were then digitized at 102.4 samples per 
second and filtered at 0.5 to 30 Hz for each 
electrode location. The EEG absolute power 
and coherence was then calculated for the 
delta (0.5 to 4.6 Hz), theta (4.0 to 8.0 Hz), al- 
pha (8.0 to 12.0 Hz), beta 1 (12.0 to 18.0 Hz), 
and beta 2 (18.0 to 26.0 Hz) bands. The EEG 
coherence was also calculated for the same 
bands except tha: the beta band was not di- 
vided (12.0 to 26.0 Hz). Bipolar leads Fp,F,, 
Fp,F,, FC, FC,, TT, TT, P,O, and P,Q, 
were chosen for analysis. 


Analysis 


All descriptive statistics are reported as 
mean + SD. Correlations for age and the 
ESD with quantitative EEG variables were 
assessed using Pearson product-moment 
correlation coefficients. The effects of age, 
educational level, and occupation were con- 
trolled by partial correlation techniques. 
Differences between subjects showing de- 
cline on the ESD and those showing no de- 
cline were assessed with a weighted t test 
for unequal variances. Two-tailed probabil- 
ity values are presented unless otherwise 
specified. : 

There are 40 possible correlations for age 
with power (eight locations, five wave 
bands). There are 32 possible correlations 
for coherence (eight locations, four bands). 
Similar numbers of comparisons exist for 
the ESD with power and coherence. In this 
situation, a Bonferroni correction for mul- 
tiple comparisons can be expected to reject 
conclusions that may be valid. We have ac- 
cepted, as meaningful, those comparisons 
in which more than 5% were significant at 
P <.05, two tailed, and at least one new 
finding had P < .01. Further, the pattern of 
change had to be consistent at neighboring 
electrodes. s 


RESULTS 


Illustrative values for mean power 
and coherence in right-handed sub- 
jects at F,C, and F,C, (n = 49) are 
shown in Table 1. Values for left- 
handed subjects (n = 4) were similar so 
only values for right-handed subjects 
are presented. The mean ESD value 
was 244.4 + 5.5 for right handers and 
2423 + 7.4 for non-right handers. 
Test scores may range from a maxi- 
mum of 250 down to 0 as “untestable.” 

Statistically significant differences 
between men (n= 26) and women 
(n = 28) are shown in Table 2. The only 
significant difference was a reduction 
in beta activity in men at F,C,, P30, 
and P,0,. Statistically significant prod- 
uct-moment correlation coefficients (7) 
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oe 


Fig 2.— Values for differences in beta 1 
and beta 2 power in subjects with and ` 
without cognitive decline at all locations 
studied. : 





Beta 1 








P = 004 
2P = 044 
ap = 009 
‘p= 001 
sP = 001 
ep.= 004 














Bipolar Leads 


Beta 2 





al 





between power and age for men are 


shown in Table 3. A general trend to 
lower delta, theta, and alpha power 
was seen with age in frontal, temporal, 
and central leads. A negative correla- 
tion between beta 1 power and age was 
found at P,0,.. A negative correlation 
between beta coherence and age was 
also found in women at FC, (r = —.40, 
P = ,050). No other significant correla- 
tions were found between age and 
power or coherence in either group at 
other locations. 

Of 40 correlations between power 
and age in men, .11 were significant 
(Table 3). Of 40 correlations between 
power and age in women, three were 
significant and one exceeded 0.01. Only 
an isolated finding was significant for 
coherence. This suggests a relation- 


` ship between age and power in both 


men and women. : 

Product-moment correlation coeffi- 
cients between the ESD and beta 1 and 
beta 2 power (controlling for educa- 
tion) are shown in Fig 1.-A positive 
correlation is seen between the 
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“ESD 


amount of beta activity and perfor- 
mance on the cognitive test at frontal- 
central locations bilaterally. The cor- 
relation reaches or approaches statis- 
tical significance at only four of eight 
locations and positive correlations are 
seen across the scalp. The ESD also 
correlated with theta power (r—.31, 
P=.045) and coherence (r=.381, 
P = 045) at P,0,. No other statistically 
significant correlations were seen be- 
tween other power or coherence bands 
and the ESD after controlling for edu- 
cation. 

After controlling for age, significant 
correlations between beta 1 and the 
remained at FG, (r= .27, 
P = 059) and F.C, (r = .80, P = .037). 
After controlling for occupation, sig- 
nificant correlations between beta 1 
power and the ESD also remained at 
F,C, (7 =.31, P=.048) and F,C, 
(r = 31, P = .044)., ae 


In summary, five of 40 correlations . 


for power and the ESD (controlling for 
education) reached P values of <.05, 
with no values exceeding P < .01. The 


correlations remained significant at 
the same two locations after control- 
ling for age and for occupation. A trend 
to positive correlations was also seen 
in adjacent leads. These findings sug- 
gest a possible relationship between 
beta power and the ESD. To test that 
relationship, the next comparison was 
undertaken. 

Five subjects were found to show 
evidence of decline in their ESD scores 
over time even though their scores re- 
mained in the normal range. Three of 
these subjects were identified indepen- 
dently by the raters and two by con- 
sensus. This group had a mean age of 
73.1 + 5.2 and included four men and 
one woman. The mean ESD of subjects 
showing decline was still within the 


` normal range (289.4 + 6:8), but it was 


slightly less than the mean of subjects 
not showing decline (mean ESD, 
244.9 + 5.1; t=1.76; P=.072, one 
tailed). The subjects showing decline 
had considerably less beta power at 
Fp,C,, FC, FyC,, TiTe, P,O, and P,O, 
(Table 4 and Fig. 2). A reduction in al- 
pha power was also seen in subjects 
showing decline at Fp.F,, F;C;, TiTe 
P,O, and P,O, (Table 4). A reduction of 
delta power in subjects showing de- 
cline was found at T,T, and P,O,. 

Subjects showing cognitive decline 
had significantly lower delta coherence 
compared with those not showing de- 
cline at F.C, (t = 3.19, P = .019) and 
T,T; (t= 2.95, P = .018). No other co- 
herence differences were seen between 
the two groups. 

There were no statistically signifi- 
cant differences between patients on 
and off medication on any power or co- 
herence value at any location. Four of 
five subjects showing cognitive decline 
were taking medication. One was re- 
ceiving an antihypertensive; one was 
recelving thyroid replacement and an 
anti-infammatory agent; and two 
were taking an anti-inflammatory 
agent alone. 


COMMENT 


Our results are in keeping with re- 
cent quantitative studies that have in- 
dicated that slow activity does not in- ` 
crease with normal aging.” In fact, we 
found a fairly consistent decline in 
delta and theta activity with age in 
men that was similar to the findings of 
Duffy et al.’ There was no significant 
decline in delta or theta in women with 
age, but a negative correlation was 
found between beta activity and age in 
frontal leads. Some differences also 
emerged between men and women in 
resting levels of beta activity. A previ- 
ous quantitative EEG study” has also 
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Table 4.—Electroencephalographic 
Power Differences Between Subjects 
With and Without Cognitive Decline 


No 
Decline 
(n = 44) 


Decline 





Fo.F,, 
Alpha 
Beta 1 
Beta 2 

FyCs 
Alpha 
Beta 1 

FG, 
Beta 1 
Beta 2 

TiTe 
Delta 
Alpha 
Beta 1 
Beta 2 

P.O, 
Alpha 
Beta 1 
Beta 2 

P02 
Delta 


4.82 
4.624 
74At 


14.04 17.1 
85+ 5.9 


8.6+ 7.0 
97+ 8.2 


12.4+ 8.0 
47.2 +55.8 
13.7 + 13.9 
14.74 12.1 


40.7 +53.3 
9.14 8.1 
§.6+ 3.5 


13.14 9.1 
Alpha 38.1+46.0 
Beta 1 10.3+ 10.6 
Beta 2 68+ 7.9 





reported greater beta power in elderly 
women compared with elderly men. 
However, beta activity has been re- 
ported to increase with age in women.? 
We found it to decrease, but this might 
be explained by the older age of our 
subjects. In keeping with this possibil- 

` ity, a decline in the amount of fast ac- 
tivity has been reported in subjects of 
advanced age.' 
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Significant correlations between 
ESD and EEG variables were seen 


. only in the beta and theta bands. The 


negative correlation between ESD per- 
formance and beta power was consis- 
tent and remained so even when age, 


education, occupation, and medication. 


effects were controlled. Fast activity 
has been associated with superior 
learning ability in normal elderly 
subjects.” However, a recent quanti- 
tative EEG study’ found a negative 
correlation between memory ability 
and fast activity in normal older sub- 
jects. Our findings seem to support the 
earlier conventional EEG study. 

The finding of diminished beta ac- 
tivity in the five subjects who showed 
decline in ESD values suggested beta 
activity may be associated with early 
cognitive decline. Diminished alpha 
activity was also seen in these pa- 
tients. It is interesting that both di- 
minished alpha activity” and dimin- 
ished beta activity! have been found 
in early dementia compared with nor- 
mals. It is of note that subjects show- 
ing cognitive decline also tended to 
have decreased levels of coherence in 
the delta band as decreased interhemi- 
spheric coherence has been reported in 
dementia." There is, of course, no way 
of knowing if these five patients will 
develop Alzheimer’s disease or other 
dementias until they are followed up 
for a longer period. 

These findings may have been influ- 


- enced by a number of factors that can- 
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è This study examined whether the sub- 
jective impression of memory function 
might differentiate healthy elderly sub- 
jects from patients with memory com- 
plaints, and whether memory complaints 
differed between patients with and with- 
out a dementing iliness. Both self-assess- 
ment and relatives’ responses on a new 
memory questionnaire differentiated pa- 
tient groups from control subjects. The 
relatives’ form measuring deterioration in 
memory function over time identified de- 
menting individualis from those with non- 
dementing causes for their memory com- 
plaints. Factor analysis indicated that pa- 
tients’ memory complaints correlated with 
depression rather than objective memory 
performance, while relatives’ ratings cor- 
related with objective memory scores, not 
depression. Stepwise discriminant func- 
tion analyses showed that objective mem- 
ory testing greatly improved specificity 
but not sensitivity of the subjective mem- 
ory questionnaire alone. 

(Arch Neurol. 1990;47:1189-1193) 
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Menery, is usually the initial cogni- 

tive function to be altered by 
Alzheimer’s disease and zhe one most 
severely affected.'* Emphasis on ob- 
jective memory deficits may overlook a 
helpful parameter: the subjective com- 
ponent of this disorder. Inglis et al’ 
demonstrated that subjective memory 
assessments discriminated between 
functional and organic subgroups of 
the elderly as effectively as did objec- 
tive memory tests. Recently, the quan- 
tification of memory complaints has 
shown some diagnostic significance in 
less advanced cases of dementia.® 
These findings are surprising, since 
memory complaints arə especially 
common in the elderly and probably 
reflect accurate perceptians of declin- 
ing mnemonic power with age.” Fur- 
thermore, memory complaints are ex- 
acerbated by depression.''* Conse- 
quently, it has been argued that self- 
assessment of memory function is an 
unreliable predictor of performance in 
the elderly.” 

In view of the limitations of avail- 
able published metamemory question- 
naires on grounds of length or appli- 
cability to an elderly population, a new 
questionnaire was devzloped (the 


- Memory Observation Questionnaire 2 


[MOQ2)) (D.H., J-M., S.G.. and D.R.E., 
unpublished data, 1990). This was used 
to study whether memory complaints 
differed between healthy community- 
dwelling elderly and patients referred 
on the basis of memory complaints; 
and, more importantly, to determine if 
memory complaints from the patients 
or their relatives differed between de- 
menting and nondementing groups. 


The relationship between self-report 
of memory complaints and depression 
was examined using correlational and 
factor analytic techniques. Discrimi-_ 
nant function analyses assessed the 
classification accuracy of the MOQ2 
alone, and combined with a brief object 


memory task. 


SUBJECTS AND METHODS 
Patient Selection 


Patients with memory and/or other cog- 
nitive complaints were referred to the psy- 
chologists by several hospital-based neu- 
rologists for neuropsychological assess- 
ment. Informed consent was cbtained from 
the patients after the nature of the evalua- 
tion had been explained. All kad received a 
general physical and neurologic examina-. 
tion and all were followed up with computed 
tomographic scans and full metabolic 
screening, with 50% receiving electroen- 
cephalograms. For the purpose of this 
study, patients were assigned to one of two 
groups: dementing, possible Alzheimer’s 
disease, vs nondementing by one of us 
(S.0.), who reviewed all the available med- 
ical and hospital records as well as a sum- 
mary of the neuropsychological findings. 
The diagnosis of primary degenerative de- 
mentia (ie, dementing, possible Alzhei- 
mer’s disease) was based on criteria set out 
in the Diagnostic and Statistical Manual of 
Mental Disorders-IIP* supplemented by 
guidelines provided by the National Insti- 
tute of Neurological Disorders and Stroke- 
Alzheimer’s Disease and Related Disorders 
Association workgroup.” In the dementing 
group, 19 were rated as mild (ie, functioning - 
at a reasonable level but having memory 
and/or other neuropsychological deficits) 
and 10 were rated as moderate (ie, mental 
disability impaired daily functioning al- 
though they lived in the community). The 
diagnosis of the 28 nondementing patients 
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were assigned by the referring physicians 
and included the following categories that 
were not mutually exclusive: depression 
(12), stress/anxiety (10), benign forgetful- 
ness (four), cardiovascular (three), head- 
aches (two), and other (six). 

The patients were followed up for 8 to 24 
months and 81% were available for a sec- 
ond neuropsychological assessment con- 
ducted on average 8.5 months after the first 
assessment. The updated medical chart and 
psychological data were rated a second time 
by one of us (S:0.) to ensure that the diag- 
nosis remained stable over two occasions. 
Eleven patients assessed once neuropsycho- 
logically were retained in the analyses be- 
cause two reviews of the medical files sep- 
arated by 8 months resulted in identical 
classification. ; 


Control Group 


In response to the first age-stratified 


random ‘mail-out of the 'MOQ (D.H., J.M. 
S.G., and D.R.E., unpublished data, 1990), 
35 healthy, community-living people over 
the age of 50 years volunteered to be inter- 
viewed and participate in 6 hours of neu- 
ropsychological testing. Volunteers were 
excluded from the contro] group if they re- 
ported a previous or current neurologic dis- 
order such as epilepsy, head injury, stroke, 
parkinsonism, and multiple sclerosis, or if 
there was a history of a major psychiatric 
- problem, including drug abuse. 


Subject Variables 


Descriptive data regarding the patient 
groups and control subjects are presented 
in Table 1. A multivariate analysis of vari- 
ance evaluating age, educational level, and 
premorbid IQ” revealed no significant dif- 
ferences among the dementing, nonde- 
menting, and control groups on these vari- 
ables. x? Analyses revealed that the groups 
did not differ significantly for sex, handed- 
ness, or occupational status. The onset of 
-memory complaints was determined from 
direct questioning of the patient and, if 
possible, a close relative or friend. The ear- 
liest date was chosen when the two sources 
disagreed. A ¢ test showed that the duration 
of the memory complaints did not differ 
between’ dementing and nondementing 
groups (Table 1). ; 


Questionnaires 


Questionnaires were mailed to the pa- 
tients and community control subjects be- 
fore the neuropsychological assessment 
with instructions that the forms were to be 
completed independently by the subjects 
and their relatives/friends. The interval 
between filling in the questionnaire and the 
date of neuropsychological testing varied 
between 1 and 4 months. 

MOQ2.—The MOQ2 has four forms, with 
a high score on each representing the im- 


pression of a better memory. Each form | 


takes less than 5 minutes to complete. 
Two MOQ2 forms are filled in by the sub- 
ject. The MOQ2-SA contains 20 items re- 
flecting self-perception of present memory 
functioning: There are equal numbers of 
questions keyed true and false. Included in 
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Table 1.—-Descriptive Data on Patient Groups and Elderly Control Subjects* 


29 Dementing, 


X (SD) 


28 Nondementing, 
X (SD) 


35 Contro! Subjects, 
X (SD) 








69.6 (7.2) 


61.5 (9.3) 66.5 (10.8) 





11.6 (3.8) 
105.9 (10.6) 


Education, grade 
Premorbid |Q?° 





11.6 (2.9) 
104.2 (9.6) 


12.0 (3.2) 
105.5 (8.6) 





History of memory complaint, r 
mo 34.7 (15.2} 


35.7 (26.3) NA 





% Males 55.2 


53.6 








% Right-handed 91.3 


Occupation, % 
Professional 44.8 





85.7 





32.2 





- Skilled/clerical 48.3 


50.1 











Semiskilled / unskilled 6.9 
*NA indicates not applicable. 


the MOQ2-SA are 12 positively keyed items 
from the superlative scale that measures 


‘the perception of a flawless memory (eg, “I 


always come home from a shopping trip 
with everything I. intended to buy”). The 
MOQ2-SB measures self-perception of 
change in memory function over the past 
several months. Each item employs a 5- 
point scale (—2 to +2) under the headings 
“much worse, worse, the same, better, 
much better.” These 23 items are similar in 
content to the MOQ2-SA items. 

A relative or friend familiar with and 
chosen by each subject filled in two parallel 


. forms. The 22 items on the MOQ2-RA in- 


clude questions about the target person’s 
current memory functioning, and the 27 
items on the MOQ2-RB assess change in 
memory over the past several months. Fur- 
ther details on the psychometric develop- 
ment of the MOQ2 including reliability, 
cross-validation, item content, and scoring . 
are found elsewhere (D.H., J-M., S.G., and 
D.R.E., unpublished data, 1990). 


Depression, Health Concerns, and Hypo- ` 


chondriasis.— The Geriatric Depression In- 
ventory (GDI) was employed to measure 
depressive afféct because it was designed 
and standardized on an elderly population, 
and only one of 30 items asked about mem- 
ory. The Health Concerns and Hypochon- 
driasis Scales from the Differential Person- 
ality Inventory” were also administered. 
Object Recall.—A memory for objects test 
was administered in the first part of the 
psychologist’s interview and before the 
neuropsychological battery. The subject 
handled and named eight common objects 
(ashtray, can opener, comb, flashlight, key, 
nail clipper, ring, spool of thread). Then the 
subject was instructed to look around the 
room, while the examiner pointed out eight 
colored 2-cm dots attached to the front or 
top of shelves or tables. The subject was . 
told to place each object at a dot, with the 
constraint that a maximum of two objects 
could be placed in a single location. Subjects 
were instructed to remember the location of 
each object. When all eight objects had been 
placed, the examiner removed them from 
sight. After a 15-minute interval, during 
which time the interview continued, the 


- subject was asked to recall the names of the 


objects in any order. The maximum correct 
recall score was 8. 
Neuropsychological -Battery.—Neuropsy- 


17.9 


chological tests of intelligence, orientation, 
attention (time and place), short-term 
memory, language, spatial ability, manual 
praxis, visual-perceptual-constructional 
skills, and lateralization were administered 
individually by a trained psychometrist. As 
mentioned in the “Comment” section under 
Neuropsychological Test Battery, the test 
descriptions and Table 2 contain the mean 
scores and SDs for the control and patient 
groups. Two of us (J.M. and S.G.) reviewed 
each case and provided the neurologist with 
independent ratings of whether there was a 
mild or moderate deficit in each of seven 
cognitive domains. 


RESULTS 


Multivariate statistics were used to 
analyze the data. Significance levels 
were set at P<.01 due to the large 
number of comparisons. The n’s varied 
slightly from one analysis to the next 
due to listwise deletion of scores. 

Failure to answer questions on the 
MOQ2 can result in spuriously lower 
scores. To examine whether item omis- 
sion rates affected group differences, 
the MOQ2 data were analyzed twice. 
First, the scores were prorated for 
missing items and second, the nonpro- 
rated raw scores were analyzed. The 


-nonprorated results are presented in 


this article because exactly the same 
group differences emerged from both 
sets of data. 


Group Camparisons on MOQ2 


The means and SDs on the patient 
and relatives’ forms of the MOQ2 are 
found in Table 3. A multivariate anal- 
ysis of variance over the five MOQ2 
scores revealed a significant effect of 
group (T? = 1.11; F = 8.06, 10, 146 df, 
P<.001). Univariate F tests were then 
carried out showing a main effect 
(P<.001) on the MOQ2-SA, MOQ2-RA, 
and MOQ2-RE. Two-tailed ¢ tests were 
performed. On the MOQ2-SA, control 
subjects had fewer memory com- 
plaints than nondementing patients 
(t(78) = —4.54; P<.001) and than de- 
menting patients (¢(78) = —4.31, 78 df, 
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Table 2,-—Neuropsychological Scores of Dementing, Nondementing, and 
Control Subjects: First Assessment* 


29 
Dementing 


SD 


28 35. 
Nondementing Control Subjects 
: é 
`X sD x 








Memory 


Wechsler Memory Scale | 


MQ 3 13.1 
Delayed stories (verbatim) s 1.3 














Delayed paired association 7 2.3 





Warrington's recognition 





Faces, raw score : 6.2 





Words, raw score i 6.2 


WAIS-R 


Verbal IQ 90.1 11.8 
Performance IQ 
Full scale IQ 


Intelligence/Problem Solving 


102.3 





84.3 3.8 “106.2 





87.3 10.4 103.8 








Modified card sorting, No. of 
Categories 1.9 1.4 5.0 








Perseverative errors 11.7 6.3 2.5 
Total errors 27.7 8.4 9.6 





Language 


Oral fluency A 
Letter {d} i 4.3 


Animal ` 





4.2 


Boston Naming 





Token: pass/fail 








Monroe-Sherman Reading 
Comprehension 


WRAT-R Reading (SS) 








Visual Perceptual/Spatial 


Benton Line Orientation 188 77 


23.7 





Kaufman Gestalt Closure 11.1 4.8 


18.3 





Mental Rotation 19.4 4.6 


23.1 


Manual Apraxia 


Familiar gestures f i 4.7 


27.2 








Unfamiliar movements A 8.8 
Lateralizing Tests 


Dynamometer, kg 


Left 28.5 12.4 


26.1 


31.4 





Right 


30.3 15.4 


32.1 








Visual scanning 


—Left correct 4.1 1.9 








5.5 





—Right correct 45 1.8 


5.4 





*See “Comment” section under Neuropsychological Tes: Battery. 
MQ indicates Memory Quotient; WAIS-R, Wechsler Adult Intelligence Scale-Revised; WRAT-R, Wide Range 
Achievement Test: Revised; SS, standard score; and arrows, direction of soarch was toward the “left,” that i is 


trom right to left or'vice versa. 


_P<.001). Nondementing and dement- 


ing cases had similar numbers of mem- 
ory complaints on the MOQ2-SA. 
Ratings by the relatives of control 
subjects were significantly higher than 
ratings by the relatives of nondement- 
ing. patients (4(78) = —4.51, P<.001) 
and relatives of dementing patients 
(t(78) = —6.68, P<.001) on the MOQ2- 
RA. The difference between the mean 
ratings by relatives of nondementing 
patients and those by relatives of de- 
menting patients did not reach the 
predetermined level of statistical sig- 
nificance (t(78) = 2.06, P<.04). 

“When relatives rated’ memory 
change over time, the MOQ2-RB non- 
dementing mean was not significantly 
worse than the control mean (i(78) = 
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2.10, P<.04), but the dementing 
group’s mean was significantly worse 
than the control mean (<(78) = ~4.84, 
P<.001). Relatives of d2menting pa- 
tients gave significantly worse ratings 
than relatives of nondementing pa- 
tients (#(78) = 2.61, P<.01). 


Group Comparisons on Depression, 
Health Concerns, and Hyd ochondriasis 


The means and SDs for the patient 
groups and control subjects are shown 
in Table 3. Separate analyses of vari- 
ance revealed a main effact only on the 
GDI. Control subjects were signifi- 
cantly less depressed than nondement- 
ing patients (481) = 4.75, P<.001). 
Nondementing patients tended to be 


more depressed than dementing pa- 
tients ((81; = 2.48, P<.02). 


Correlations Between Depression and 
MOQ Scores 


The relatives’ assessments of the 
patients’ memory did not correlate 
significantly with the patient’s subjec- 
tive impressions. Similarly, relatives’ 
ratings did not significantly correlate 
with the patients’ level of depression 
as measured by the GDI. 


Factor Siructure in Patient Sample 


Indepencence of the relatives’ rat- 
ings from patients’ ratings of depres- 
sion and memory loss were reflected 
also in a factor analysis. A principal 
components analysis combining pa- 
tient groups and using varimax rota- 
tion on the five MOQ2 scores, the GDI, 
and object recall scores yielded two 
factors with eigenvalues greater than 
1, accounting for 55.9% of the vari- 
ance. The MOQ2-SA, MOQ2-SB, su- 
perlative, and GDI had loadings of .74, 
82, .69, and —.52, respectively, on the 
first factor. The MOQ2-RA, MOQ2-RB, 
and object recall scores loaded on the 
second factor (.83, .78, and .70, respec- 
tively). 


Diagnostic Value of MOQ Scores 


The diszriminant function of the 
five MOQ2 scale scores was examined 
first to see how. well memory com- 
plaints per se differentiated the pa- 
tient groups. With an F to enter equal 
to 3, this analysis used only the super- 
lative scale and the MOQ2-RB to cor- 
rectly predict 72% of dementing cases 
(18/25) and 76% of nondementing 
cases (19/25), yielding an overall jack- 
knifed classification accuracy rate of 
TAS. l 

The second stepwise discriminant 
function analysis was based on the five 
scale scores from the MOQ, the object 
recall score, and an F of 3 to enter 
variables. The second analysis used the 
superlative scale, the MOQ2-RB, and 
the object recall score to correctly pre- 
dict 75% of the dementing cases and 
95.7% of the nondementing cases, with 
an overal jackknifed classification ac- 
curacy rate of 85. 1%. 


COMMENT 


Over £0% of community-dwelling 
elderly ov-tpatients referred because of 
memory complaints were able to fill in 
the MOQ2. When rating current mem- 
ory status, both dementing and non- 
dementing patients and their relatives 
registered significantly more com- 
plaints than healthy elderly control 
subjects. However, patients with non- 
dementing causes responded similarly 
to patients with dementia of possible 
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Table 3.—Means and SDs for the Dementing, Nondementing, and Control Groups on 
the Memory Observation Questionnaire 2 (MOQ2) and Other Questionnaires * 


Dementing 


Nondementing Control Subjects 


sD sD 





MOQ2-SA (20) 


7.2 3.4 11.8 > 4.3 





Superlative (12) 
MOQ2-SB (46) 
MOQ2-RA (22) 





2.1 
—10.6 





MOQ2-RB (54) 





Geriatric Depression 
Inventory (30) 





Health concerns (16) 
Hypochondriasis (16) 








* Numbers within parentheses indicate maximum score. 


Alzheimer’s type on the self-report 
MOQ forms (MOQ2-SA and MOQ2- 
SB). Although Vitiello et al’ found that 
their dementing patients had signifi- 
cantly. more memory complaints than 
a group of patients with major depres- 
sive disorder, the order of magnitude 
of the mean differences was negligible: 
Thus, on a case-by-case basis, it ap- 
pears unlikely that the patient’s mem- 
ory complaints, per se, even when mea- 
sured psychometrically, carry much 
clinical significance in identifying spe- 
cific individuals with organie dement- 
ing causes. In our study, external mea- 
sures, including the relatives’ rating of 
memory change over time (MOQ2-SB) 
and a test of object recall, were needed 
to distinguish between the patient 
groups. 

This study found that depression 
had little impact on the relatives’ rat- 
ings of patients’ memory. Results from 
the factor analysis revealed that the 
relatives’ memory ratings were 
weighted with objective memory test 
scores and not with the patients’ de- 
pression scores. Conversely, patients’. 
memory complaints were weighted 
with their depression scores and not 
with objective memory test scores. 
This dissociation leads to the conclu- 
sion that the relatives’ opinion about 
recent memory change in a patient and 
objective measurements of memory 
were better predictors of organic de- 
mentia than the patient’s own com- 
plaints. 

This conclusion is supported by the 
discriminant function analysis. Over- 
all, classification accuracy improved 
11% with the addition of objective 
memory tests compared with the sub- 
jective measures alone. On closer ex- 
amination, it appears that a brief ob- 
jective memory test improved the 
specificity but not the sensitivity of the 
discriminant function analysis. 

Before the MOQ2 can be used clini- 
cally, a large-scale cross-validation 
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study must be performed, preferably 
in the community. Although it can be 
argued that the results of this study 
may not pertain to the very earliest 
phases of a dementing illness, as the 
patients were evaluated on the average 
some 3 years after their initial report 
of cognitive decline; nevertheless, the 
results are of clinical relevance, since 
most such cases come to medical at- 
tention at this stage. 

The findings suggest that subj ective 
memory questionnaires alone are un- 
likely to substitute for performance 
measures in the diagnosis of dementia 
when the presenting complaint is 
memory loss. However, they are infor- 
mative as a complementary assess- 
ment tool. Together with a relative’s 
opinion and a brief objective memory 
task, they could serve as powerful 
clinical screening instruments in plan- 
ning further investigations. 


Neuropsychological Test Battery (Table 
3) Intelligence/Problem Solving and 
. Other Neuropsychological Tests 


An abbreviated Wechsler Adult In- 
telligence Scale-Revised® was given 
omitting picture arrangement and 
arithmetic subtests to reduce admin- 
istrator’s time. The full scale IQ, ver- 
bal IQ, and performance IQ were pro- 
rated accordingly. Nelson’s“ Modified 
Card Sorting Test yielded scores on the 
number of categories sorted (maxi- 
mum, 6), perseverative and total er- 
rors. : 


Memory Battery 


All subtests of the Wechsler Mem- 
ory Scale-Form J* were used, with 
verbatim scoring of the logical pas- 
sages and half credits on visual repro- 
duction according to the precedure de- 
scribed by one of us (J.M.) and D. 
Kimura, PhD (unpublished data). 
Without forewarning, delayed testing 
of logical passages and paired associ- 
ates occurred 45 minutes after presen- 


tation. Warrington’s* Recognition 
Memory tests of words and faces were 
also administered, with the maximum 
raw score being 50. 


Speech and Language 


Oral Fluency: Literal.” —Subjects are 
asked to generate as many words as 
possible in 1 minute beginning with 
the letter “d,” “...as in dog.” Next, the 
subject had to generate the names of 
animals in 1 minute. 

Boston Naming Test.“—-The proce- 
dures for administration were those 
outlined in the manual. Maximum 
score was 60 correct. 

Modified Token Test.—In this abbre- 
viated form, 16 verbal commands are 
given, each scored 1 point if passed. 
Repetition was not credited (D. Kimu- 
ra, PhD, and J.M., unpublished data). 
Maximum score was 16. 

Monroe-Sherman Reading Compre- 
hension.”-—-The first 21 paragraphs 
were assigned within a 5-minute time 
limit. The subject read a question per- 
taining to the paragraph below it, then 
he read the paragraph, and finally he 
underlined one of five words that an- 
swered the original. question. Maxi- 
mum score was 21. 

Revised Wide Range Achievement Test: 
Reading.” —The procedure was identi- 
cal to that in the manual. Standard 
scores are reported. 


Spatial 


Judgment of Line Orientation.” —The 
procedure was identical to that in the 
manual. The maximum score was 30. 

` Mental Rotation.” —Each of 20 cards 
contained a two-dimensional drawing 
(12 words, eight objects) in the upright 
position at the top of the card. Below 
this were three identical figures ro- 
tated 90°, 180°, or 270°. Two were mir- 
ror images of the topmost stimulus 
and one was not. The subject indicated 
which of the three designs would 
match the topmost if it were turned . 
around mentally like the hands of a 
clock. The maximum score was 20. 

- Gestalt Closure."—-The instructions 
were according to the manual. Maxi- 
mum score was 25. 


Manual Praxis 


Two tasks were administered. The 
first required patients to follow verbal 
commands to carry out familiar ac- 
tions. For each of the 10 items, the 
subject earned 3 points if the move- 
ments were judged adequate to com- 
mand, 2 points if the subject had to be 
reminded to pretend there was an ac- ; 
tual object, and 1 point if the command 
was correctly imitated. The maximum 
score was 80. The second test of man- 
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ual praxis involved imitation of unfa- 
miliar, meaningless. hand and arm 
movements. Each item involved mov- 
ing from one static posture to another. 
The examiner instructed subjects to 
watch the examiner’s upper limbs 
carefully while she demonstrated the 
two movements. Then, the subject was 
told to imitate the movements exactly. 
Correct imitation on the first trial 
earned 2 points for each movement and 
2 points for the smooth transition from 
posture 1 to posture 2. Correct imita- 
tion after the. second trial earned 1 
point for each movement and the tran- 
sition. The maximum score was 30 (6 
points in five trials). 
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Lateralizing Tests 
Hand Preference.—Subjects were 
asked to demonstrate eigat common 
activities. Writing and six of seven 
other activities had to be done with the 
same side to be considered left- or 
right-handed, otherwise, the classifi- 

cation was ambidextrous.” 
Strength.— A 50-kg dynamnometer (or 
100 kg if necessary) was used to mea- 


sure grip strength (Technolab Indus-. 


tries, Montreal, Quebec). Two trials 
were given for each hand, and their 
mean score was recorded. 

Visual Scanning.—This test was 
adapted from Rey.” Two cards with 
entangled lines were scanned from left 
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Cerebrospinal Fluid as a Reflector of Central | 
Cholinergic and Amino Acid Neurotransmitter Activity 
in Cerebellar Ataxia 


Bala V. Manyam, MD; Ezio Giacobini, PhD; Thomas N. Ferraro, PhD; Theodore A. Hare, PhD 


e Cerebrospinal fluid (CSF) amino acid 
neurotransmitters, related compounds, 
and their precursors, choline levels, and 
acetycholinesterase activity were mea- 
sured in the CSF of patients with cerebel- 
lar ataxia during a randomized, double- 
blind, crossover, placebo-controlled Clini- 
cal trial of physostigmine salicylate. The 
CSF y-aminobutyric acid, methionine, and 
choline levels, adjusted for age, were sig- 
nificantly lower in patients with cerebellar 
ataxia compared with controls. Physostig- 
mine selectively reduced the level of CSF 
isoleucine and elevated the levels of phos- 
phoethanolamine. No change occurred in 
CSF acetylcholinesterase activity and in 
the levels of plasma amino compounds in 
patients with cerebellar ataxia when com- 
pared with controls. Median ataxia scores 
did not statistically differ between pla- 
cebo and physostigmine nor did functional 
improvement occur in any of the patients. 

(Arch Neurol. 1990;47:1194-1199) 


Cerebellar ataxia represents a dif- 

fuse group of disorders for which 
both inherited and noninherited forms 
have been described. Age at onset is 
variable but usually occurs in middle 
age. Studies on the cerebrospinal fluid 
(CSF) neurochemistry of noninherited 
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cerebellar disorders are searce!?; how- 
ever, abnormalities of amino acid neu- 
rotransmitter systems have been re- 
ported in postmortem brains of pa- 
tients who died with inherited forms of 
cerebellar dysfunction.” 

Deficiency of glutamate dehydroge- 
nase has been reported in a subset of 
patients with olivopontocerebellar 
atrophy.“* Glutamate dehydrogenase 
forms part of a.complex enzymatic 
process for transferring amino groups 
between a-keto acids and taeir corre- 
sponding a-amino acids. Furthermore, 
investigation of amino acics in cere- 
bellar disorders is particularly appro- 
priate since at least seven major types 
of cerebellar neurons are believed to 
use amino acids as their neuro- 
transmitters.” y-Aminobutyriec acid 
(GABA) is believed to be the inhibitory 
neurotransmitter of Purkinje’s cells’ 
and may also be used by the three in- 
hibitory interneurons in the cerebellar 
cortex—the basket and the stellate 
and Golgi’s cells®—although it has 
been suggested that taurine rather 
than GABA may. be the inhibitory 
neurotransmitter used by the stellate 
cells. Glutamate is believed to be the 
neurotransmitter used by the mossy 
and climbing fibers and by the granule 
cells with their parallel fibers,” al- 
though evidence also exists to impli- 
eate aspartate as the neurotransmit- 
ter of parallel fibers.” 

A study of amino acids in postmor- 
tem brain tissue from 10 patients (six 
different pedigrees) with dominantly 
inherited cerebellar disorders* re- 
vealed three biochemically different 
disorders despite clinical similarities. 
One disorder was characterized by 


moderate reduction of aspartate and 
glutamate levels in cerebellar cortex; a 
second disorder was characterized by 
reductions of aspartate and glutamate 
levels in other brain regions in addi- 
tion to cerebellar cortex; and a third 
disorder was characterized by normal 
aspartate and glutamate concentra- 
tions in.all brain regions examined. 
The GABA content in cerebellar cortex 
and dentate nucleus was reduced in 
some patients with each disorder, 
whereas cerebellar taurine was nor- 
mal in all patients. Increased GABA 
receptor binding in the cerebellar cor- 
tex of patients who died with cerebel- 
lar ataxias has been documented" and 
this finding is consistent with de- 
creased GABA levels in the dentate 
nucleus.* While the full CSF amino 
acid profile for cerebellar. ataxia has 
not been previously reported, it has 
been documented that CSF GABA is 
significantly reduced in this disorder.'” 

Several inherited ataxias are asso- 
ciated with defects of pyruvate oxida- 
tion, and such. defects are known to re- 
sult in the inhibition of acetylcholine 
(ACh) synthesis i in the brain. The ac- 
tivity of choline acetyltransferase, the 
enzyme that synthesizes ACh from 
choline, and ACh, are markedly re- 
duced in the brain of patients who die 
with olivopontocerebellar atrophy. 
Physostigmine salicylate has a revers- 
ible inhibitory effect on cholinesterase; 
as a consequence, it enhances cholin- 


- ergic transmission at synapses. The 


drug is readily absorbed from the gas- 


trointestinal tract, easily crosses the. 


blood-brain barrier, and acts on the 


central nervous system.” In a double-. 


blind, randomized, clinical trial of 
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+- 


physostigmine, we evaluated possible 
alterations of cholinergic function and 
amino acid neurotransmitters in pa- 
tients with cerebellar ataxia by mea- 
suring levels of CSF amino acid neuro- 
transmitters, related compounds, 
their precursors, and acetylcholinest- 
erase (AChE) activity. 


PATIENTS AND METHODS 


Six men with a mean +SD age of 53 + 11 
years (range, 35 to 62 years) participated in 
the trial. The details of clinical data are 
presented in Table 1. All patients were con- 
sidered to have sporadic cerebellar ataxia, 
except patient 1, in whom early olivoponto- 
cerebellar atrophy could not be excluded as 
an extensor plantar response with cerebel- 
lar atrophy without brain-stem atrophy as 
seen on a computed tomographic (CT) scan. 
Patients 2, 3, 4, and 6 gave a history of oc- 
easional alcohol intake, but other features 
of chronic alcoholism, such as dementia, 
peripheral neuropathy, and reversal of al- 
bumin-globulin ratios in the serum, were 
lacking. None of the patients were receiving 
any cholinergic agonistic or antagonistic 
drugs. No dietary restrictions were im- 
posed. Informed consent was obtained from 
patients, and approval for the trial was 
granted by the Institutional Committee on 
Human Experimentation. 

To study the effect of physostigmine on 
CSF neurochemicals and cerebellar symp- 
toms, physostigmine was administered 
with the use of a placebo-control, double- 
blind crossover design so that the CSF col- 


lected during the placebo phase would re- . 


fleet changes due to disease, and any addi- 


tional changes in CSF collected during the” 


physostigmine phase would indicate 
changes due to treatment. Physostigmine 
salicylate (1 mg) or identical placebo (lac- 
tose) tablets were allotted to patients with 
ataxia who were chosen randomly for 12 
weeks each. At the end of 12 weeks, physo- 
stigmine and placebo were crossed over for 
another 12 weeks. Either physostigmine or 
placebo was administered at a rate of one 
tablet three times each day during the first 
week, one tablet four times each day during 
the second week, one tablet six. times each 
day during the third week, and then one 
tablet given once every 2 hours, except 
while asleep (eight times each day) from the 
fourth through the 12th week. Before the 
start of the trial, patients were videotaped 
and then retaped during the 12th week of 
both placebo and drug treatment. All video 
tape recording was done at approximately 
the same time of day. One hour before 
recording time, a dose of either physostig- 
mine (or placebo) was administered so as to 
induce a maximum therapeutic effect. 
Cerebellar function was assessed by semi- 
quantitative scoring as follows: 0, absence 


of ataxia; 1, minimal or extreme normal; 2, 


mild; 3, moderate; 4, severe; and 5, inability 
to carry out the test. The total score for 
each observation was used for comparison. 
Reduction in score indicated improvement. 
Complete blood cell counts, liver and renal 
function test results, serum electrolyte de- 
terminations, and calcium and phosphorus 
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Table 1.—Physostig nine Treatment of Cerebellar Ataxia: Clinical Findings 
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tive; upward arrow, extensor response; downward arrow, flexor response; an arrow, each lower limb; and CT, 


computed tomographic. 
tMean + SD. 


levels were monitored during the trial pe- 
riod. 


Lumbar Puncture 


Cerebrospinal fluid was collected by lum- 
bar puncture at the end of 12 weeks of both 


placebo and physostigmine treatment _ 


phases. The CSF was coilected between 8 
and 9 AM in all patients following overnight 
bed rest and fasting (water was allowed ad 
libitum to prevent dehydration) for 12 
hours. In patients under treatment for 
cerebellar ataxia, either placebo or physo- 
stigmine salicylate (1 mg) was adminis- 
tered 1 hour before CSF collection. Lumbar 
puncture was parformed in the standard 
manner. The details of CSF collection, prep- 
aration, and storage corditions have been 
described elsewhere.’ Cerebrospinal fluid 
for measurement of neurochemicals from 
both controls and the experimental group 
was from the same gradient (first 10 mL of 
CSF) and, thus, was not subject to gradient 
effect. Acetylcholinesterase retains enzyme 
activity in CSF after long-term storage at 
—70°C and even after repeated freezing and 
thawing.” The reliability of freezing naive 


- CSF before high-performance liquid chro- 


matography analysis for CSF amino com- 
pounds and of using the same gradient from 
the first 10 mL of CSF has been confirmed 
in our laboratcry” and others.” 

Control CSF was obtained from 17 men 
without evidence of organic neurologic dis- 
ease or mental disorders. Of these, CSF 
samples from 10 men w:th a mean +SD age 
of 48 + 20 years were used to act as controls 
for amino compound studies, and samples 
from nine men with a mean +SD age of 
64 + 9 years were controls for choline lev- 
els and AChE activity studies with an over- 
lap of two controls. This was done due to the 


limited availability of CSF from controls, 


od 


as the CSF from the first 10 mL was used for 
comparison between the controls and ex- 
perimental group to control gradient effect. 

Protein, glucose, sodium, potassium, 
chloride, calcium, and phosphorus values 
were measured in the clinical laboratory 
with an automated analyzer. The IgG level 
was measured with radioimmunodiffusion. 


Amino Compound Analysis 


Cerebrospinal fluid and plasma amino 
acids were quantified with the use of a tri- 
ple-colu:nn, ion-exchange chromatographic 
procedure with fluorometric detection. 
Cerebrospinal fluid and plasma proteins 
were precipitated by adding a one-third 
volume of 20% aqueous sulfosalicylic acid. 
Specimens were centrifuged at 2000g, and 
the supernatant fluids were used for direct 
injection onto the high-performance liquid 
chromatograph. Norleucine and 5-amino- 
valerie acid were used as internal stan- 
dards. The analytical procedure used par- 
allel operation of three distinct ion- 
exchanze columns for separation and mea- 
surement of acidic, neutral, and basic 
amino acids, respectively, with a recovery 
rate fo? an internal standard of 98% and a 
lower limit of detection of 5 pmol. The 
chromatography was run isocratically in 
each case with the use of lithium citrate 
buffers designed to provide overlapping 
elution: profiles. All samples were run in 
duplicate, and the mean was used for calcu- 
lation. 


Assay of AChE Activity 


The radiometric method of Johnson and 
Russell* was used to determine AChE ac- 
tivity with tritiated ACh iodide as a sub- 
strate (90 mCi/mmol, specific activity). 
Acetylcholinesterase activity was ex- 
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Table 2.—CSF Amino Compounds in Cerebellar Ataxia* 


Mean + SD, nmol/mL 
POR Re ee et are ae ena ee ee Ree rE rer 
Patients With 
Controls s Cerebellar 
Amino Compounds {n = 10) Ataxia (n = 6) 


B-Alanine 0.078 + 0.035 0.051 + 0.024 
GABA 0.142 + 0.035 0.084 + 0.012t 
Aspartate 0.275 + 0.151 0.223 + 0.159 
1-Methylhistidine 1.24 + 1.12 1.19 + 0.736 
3-Methylhistidine 1.30 + 1.01 1.20 + 0.484 
Homecameosine 1.84 + 1.10 0.855 + 0.421 
Tryptophan 2.75 + 1.67 2.76 + 1.25 
Methyl-lysine 2.83 + 3.10 3.44 + 2.62 
Citrulline Š 2.88 + 1.02 2.63 + 0.591 
œ-Aminobutyrate 3.31 + 1.08 3.90 + 1.34 
Glutamate 3.48 + 1.54 3.13 + 0.395 
Phosphoethanolamine 3.51 + 0.729 . 3.69 + 0.809 
Methionine 3.76-+ 0.957 2.37 + 0.517¢ 
Ornithine 4.63 + 0.664 5.29 + 0.915 
Isoleucine 4.95 + 1.18 5.93 + 0.740 
Taurine 5.96 + 1.30 5.17 + 1.75 
Glycine 8.08 + 4.26 i 7.15 + 0.631 
Asparagine 3.24 + 1.93 9.08 + 1.49 
Ethanolamine 9.01 + 2.97 8.87 + 1.48 
Phenylalanine 10.16 + 2.62. 9.58 + 2.43 
Tyrosine 10.73 + 5.19 8.32 + 2.36 
Histidine 12.06 + 2.53 12.13 + 2.73 
Leucine ` 13.28 + 2.76 13.75 + 1.87 
Valine 16.69 + 4.01 i 19.88 + 2.58 
Arginine 22.25 + 4.01 22.82 + 1.89 
Serine 25.41 + 4.79 25.65 + 4.01 
Lysine 25.69 + 4.46 29.37 + 2.74 
Alanine i 30.44 + 6.90 29.27 + 4.81 
Threonine 33.77 + 4.18 34.48 + 5.06 
Glutamine 611.5 & 67.2 655.3 + 63.6 


* CSF indicates cerebrospinal fluid; GABA, y-aminobutyric acid. 
+By analysis of covariance with age as covariate (P = .0001). 


















































































































































Table 3.—-Effect of Physostigmine on CSF Amino Compounds in Patients With 
Cerebellar Ataxias (n = 6)* 


Mean + SD, nmol/mL 
in nO, 
Phosphoethanolamine Isoleucine 
Placebo 3.09 + 0.61 "6S + O74 
Physostigmine salicylate 3.64 + 0.67 5.13 + 1.13 
Significancet .0072 .0209 


* CSF indicates cerebrospinal fluid. 
tBy paired Student's t test. 














Table 4.—Cerebellar Ataxias: CSF AChE Activity Choline Levels* 


CSF AChE, Significance, CSF Significance, 
yumol/mL P (CSF Choline, P (CSF 
a perh AChE} nmoi/mL Choline) 
Controls 9 0.81 + 0.28 ate 2.97 + 0.79 
Patients with cerebellar ataxia . 
Placebo 6 0.78 + 0.20 .2440t 1.02 + 0.29 
Physostigmine salicylate¢ 6 0.74 + 0.21 .5678§ 0.96 + 0.19§ 


* CSF indicates cerebrospinal fluid; AChE, acetyicholinesterase. 
By analysis of covariance with age as covariate. 

"Double-blind crossover trial with final dose at 8 mg/d for 9 weeks. 
§By paired Student's f test. 
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pressed as micromoles of tritiated ACh io- 
dide hydrolyzed per hour per milliliter of 
CSF. To determine the proper concentra- 
tion of the inhibitor, inhibition experi- 
ments were performed on CSF, as well as on 


` purified samples of butyrylcholinesterase 


(BuChE, serum) and AChE (erythrocytes), 
at decreasing concentration of inhibitors 
(BW284C51, Burroughs Wellcome Co, Re- 
search Triangle Park, NC, and iso-ompa, 
tetraisopropylpyrophosphoramide, Sigma 
Chemical Co, St Louis, Mo) of 10-3 to 107" 
mol/L. Based on these experimental re- 


` sults, to inhibit BuChE activity present in 


CSF, iso-ompa was used at a concentration 
of 10-5 mol/L. At this concentration, iso- 
ompa inhibited 90% BuChE CSF activity 
measured with tritiated butyrylcholine io- 
dide as a substrete. In CSF, BuChE activity 
represents approximately 5% of total 
cholinesterase activity, and there is no dif- 
ference, for example, in the ratio of AChE- 
:BuChE for controls (1.35/0.061 mmol 
-mL-h) vs patients with Alzheimer’s dis- 
ease (1.86/0.03 mmol. mL. h).” 


Choline Assay 


For the assay of CSF choline, 1 mL of CSF 
was mixed with 10 mL of IN formic acid- 
acetone (ratio, 15:85) and centrifuged at 
3000g for 20 minutes to remove protein. The 
levels of choline were measured in 15-pL 
aliquots of CSF by the radiometric enzy- 
matic assay.” Absolute levels of choline 
were calculated on the basis of standards 
(10, 50, and 100 pmol}. All samples were as- 
sayed in duplicate. 


Statistical Analysis 


Computations were done on an IBM 4341 
computer. The Statistical Analysis System 
procedure” was used to estimate means, 
SDs, and significance. Analysis of covari- 
ance with age as covariate was used to con- 
trol the effect of age on CSF and plasma 
components between controls and patients 
with cerebellar ataxia. The paired ¢ test was 
applied to compare the effect of physostig- 
mine between placebo and treated phases, 
as this was a crossover trial. On ataxia rat- 
ing scores, the Wileoxon matched-pairs 
signed-rank test was used. 


RESULTS 


To study the alteration of CSF 
amino compounds in patients with 
cerebellar ataxia, CSF obtained during 
the placebo phase was compared with 
that of controls. During the placebo 
phase, patients were monitored closely 
for 12 weeks before CSF collection, and 
thus, the values could be considered to 
represent a more homogeneous popu- 
lation than that represented by ran- 
domly collected samples. To study the 
effect of physostigmine on CSF and 
plasma amino compounds, values gen- 
erated from samples collected at the 
end of 12 weeks of placebo and 12 weeks 
of physostigmine were compared. 
With the use of analysis of covariance, 
with age as covariate, a significant re- 
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Effect of oral physostigmine treatment (dotted bars) on cerebellar ataxia. Lowering of scores in- 
dicates improvement; open bars, placebo treatment. wi 3 


duction (P = .0001) of CSF GABA and - 


methionine was found in patients with 
cerebellar ataxia when compared with 
controls (Table 2). Physostigmine se- 
lectively elevated the levels of phos- 
phoethanolamine (P = .0072) and re- 
duced the levels of 
(P = .0209) but had no significant ef- 
fect on levels of other CSF amino com- 
pounds (Table 3). 

Mean + SD CSF choline levels, ad- 
justed for age, were significantly lower 
for patients with cerebellar ataxia 
than for controls (P = .0003). No sig- 
nificant difference between the pa- 
tients with cerebellar ataxia and con- 
trols was seen for AChE activity. Phy- 
sostigmine failed to show any effect 
either on CSF AChE activity or CSF 
choline levels (Table 4). 

Levels of plasma amino compounds 
showed no significant alterations ei- 
ther due to disease (when compared 
with controls) or due to physostigmine 


_ (when compared with placebo). 


. 


Cerebellar examinations videotaped 
during the 12th week of placebo and 
drug treatments were scored indepen- 
dently by three neurologists. The cor- 
relation coefficients among examiners 
were .85, .87, and .91. This was signif- 
icant (P < .001 level). For evaluating 
ataxia scores, the median score of 
three examiners for each patient dur- 
ing the placebo-and drug phases of the 
study was compared between the 
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isoleucine _ 


placebo and treated pkases. The indi- 
vidual scores indicatec. that of six pa- 
tients, three showed improvement, 
and three showed deterioration with 
nearly identical overall medians for 
the placebo phase (median = 25.5) and 
drug phase (median = 27.0); no signif- 
icant statistical change (P = 5294) 
was observed nor did functional im- 
provement occur in ary of the patients 
(Figure). 

No significant side effects or changes 
in the blood call count and liver or re- 
nal functions attributable to the drug 
were noticed. There was no significant 
difference in the total protein, albu- 
min, glucose, sodium, potassium, chlo- 
ride, IgG, calcium, phosphorus, urea, 
or creatinine levels in the CSF ob- 
tained at the end cf the study from 
either placebo- or physostigmine- 
treated patients. 


COMN ENT 
The reduced CSF GABA level re- 


ported in patients with cerebellar - 


ataxia in this study confirms the re- 
sults of our earlier report! and that of 
others.? Furthermcre, GABA levels in 
the CSF were lowest in patients with 
cerebellar ataxia compared with many 
other degenerative diséases, such as 
Huntington’s disease, Parkinson’s dis- 


- ease, and Alzheimer’s disease.' In ad- 
dition to GABA, methionine levels in - 


CSF were reduced in patients with 


cerebellar azaxia. Methionine derived 
from diet or other tissues crosses the 
blood-brain barrier, and differences in 
methionine levels in the various brain 
regions are not great.” Methionine in 
the free amino acid pool of the brain 
appears to be used mainly for protein 
synthesis." Methionine has been 


‘shown to have a significant effect when 


administered to schizophrenic pa- 
tients, causing a marked aggravation 
of symptoms.” While this establishes 
the importance of methionine in cen- 
tral nervous system function, its role 
in cerebellar function needs further 
study. 

Physostigmine treatment selec- 
tively elevated the levels of phospho- 
ethanolamine and reduced the levels of 
isoleucine. Studies have shown that 
following inhibition of GABA uptake 
by nipecotic acid in hippocampal 
slices, levels of phosphoethanolamine 
also increase.” Similarly, inhibition of 
taurine uptake by guanidinoethane 
sulfonic acid in hippocampal slices re- 


_ sulted in an increase of extracellular 


taurine and phosphoethanolamine.* 
Thus, it is possible that elevation of 
phosphoethanolamine by physostig- 
mine may occur secondary to other 
neurochemical changes in the brain. 
Regarding the physostigmine-induced 
reduction of CSF isoleucine levels, al- 
though the distribution of branch- 
chain and other neutral amino acids 
among the blood, brain, and CSF may 
be affected by competing substances,” 
no such interaction has been docu- 
mentec with physostigmine. 

The selective reduction of GABA 
and methionine in CSF from patients 
with cerebellar ataxia suggests that 
specific chemical alterations that oc- 
cur in the central nervous system may 
be reflected in the CSF in this disease. 
Additionally, alterations of CSF phos- 
phoethanolamine and isoleucine 
observed following physostigmine 
treatment indicate the utility of CSF 
neurcchemical measurements for 
moniczoring effects of therapeutic 
strategies. Similar neurochemical al- 
terations occurring in CSF but not oc- 
curring in plasma have also been re- 
ported in patients with Huntington’s 
disease who were treated with 
isoniazid. 


- Neurochemical Studies 


Neurochemical studies have shown ` 


‘that although AChE activity is partic- 


ularly high in the cerebellum of many 
species,” the activity of choline 
acetyltransferase® and the levels of 
ACa** are low. Iontophoretie experi- 
ments suggest that synapses within 


- the cerebellum of different species, not 
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only in the cortex but also in the deep 
cerebellar nuclei, may be cholinergic.* 
Physostigmine, when administered to 
rats, inhibited cholinesterase activity 
uniformly in all brain areas, including 
the cerebellum; however, the levels of 
choline were not significantly altered." 
Thal et al” administered physostig- 
mine salicylate orally to 12 patients 
with Alzheimer’s disease in doses 
ranging between 0.5 and 2.5 mg every 
2 hours, so that the daily dose never 
exceeded 16- mg. The CSF cholinest- 
erase inhibition measured 1 hour after 
the third daily dose showed a wide 
variation of values from 0% to 70%; in 
our study, a maximum dose.of 8 mg/d 
for 9 weeks (primed with 1 mg, 1 hour 
before a lumbar procedure) was ad-_ 
ministered to patients with cerebellar 
ataxia. The treated patients showed no 
-change in CSF AChE activity. How- 
ever, the levels of choline in the CSF 
were significantly low. Several factors 
need to be considered. First, dietary 
intake of choline is negligible because 
none of our patients were on any 
dietary restriction. Second, it is un- 
likely that plasma choline levels had 
any influence on the data reported 
here, as it has been reported that 
plasma choline levels double during 
the daytime due to dietary intake." 
While we did not measure plasma 
choline levels, we performed lumbar. 
puncture at the same time of the day 
(between 8 and 9 AM) in both the con- 
trol and experimental groups. Hence, 
the plasma choline level does not ex- 
plain the low CSF choline levels. We 
suggest that a decline in the CSF 
choline level may be due either to a de- 
` fect in choline transport into the brain 
or to a decrease of choline-phospho- 
. lipid output from the brain. The major 
source of brain choline is exogenous, 
and only asmall amount is synthesized 


1. Manyam NVB, Katz L, Hare TA, Gerber JC 
III, Grossman MH. Levels of y-aminobutyric acid 
in cerebrospinal fluid in various neurologic disor- 
ders. Arch Neurol. 1980;37:352-855. 

2. Ogawa N, Kuroda H, Ota Z, Yammoto M, Ot- 
suk S. Cerebrospinal fluid gamma-aminobutyric 
acid variations in cerebellar ataxia. Lancet. 1982; 
2:215. ' 

3. Perry TL, Currier RD, Hansen S, Maclean J. 
Aspartate-taurine imbalance in dominantly in- 
herited olivopontocerebellar atrophy. Neurology. 
1977;27.257-261. d 

4. Perry TL, Kish SJ, Hansen 8, Currier RD. 
Neurotransmitter amino acids in dominantly in- 
herited disorders. Neurology. 1981;81:237-242. 

5. Perry TL, Kish SJ, Hinton D, Hansen S, 
Becker LE, Gelfand EW. Neurochemical abnor- 
malities in a patient with ataxia-telangiectasia. 
Neurology. 1984;34:187-191. 

6. Plaitakis A, Nicklas WJ, Desnick RJ. Gluta- 
mate dehydrogenase deficiency in three patients 
with spinocerebellar syndrome. Ann Neurol. 1980; 
7:291-308. 


1198 Arch Neurol—Vol 47, November 1990 


by neuronal tissue.“ The origin of CSF 


choline is twofold: plasma choline and 
choline from brain extracellular fluid. 
Thus, a reduced level of ‘CSF choline 
may be due primarily to a lower uptake 
into the brain or secondarily to a lower 
release from the membrane choline- 
phospholipid pool. Alternatively, an 
increased active transport of choline 
out of the CSF into the blood at the 
level of the choroid plexus or at the 
blood-brain barrier could also explain 
the decreased levels of this substance 
in the CSF. Choline, as a product of 
ACh hydrolysis, does not constitute a 
significant percent of the CSF choline 
pool. Further investigation into the 
specificity and mechanism of our find- 
ing should provide insight into choline 


metabolism and transport in patients . 


with cerebellar ataxia. 
Physostigmine Treatment 


At the present time, there is no 
effective treatment of cerebellar atax- 
ias (for review, see Manyam*). The 
consistent finding of cholinergic defi- 
ciency in the brain of patients with in- 
herited ataxias® and idiopathic cere- 
bellar degeneration has lec to the at- 
tempt at a pharmacologic correction of 
cholinergic activity in the central ner- 
vous system. Choline, the precursor of 
ACh, has been used in the treatment of 
cerebellar ataxia, but the response has 
not always been favorable.” Kark et 
al’ used low doses of physostigmine on 
patients with inherited ataxias and 
studied the effect in a double-blind, 
triple-crossover trial in 21 patients. It 
was reported that 13 (62%) showed 
consistent, statistically significant im- 
provement of ataxia scores by using 
physostigmine compared with placebo. 
While the improvement was seen only 
in the ataxia scores, the patients did 
not experience subjective variation in 
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tions and contusion; these may occur within a span of several days. Discontin- 
uation of pergolide should be undertaken gradually whenever possible, even if 
the patient is to remain on levodopa 

The administration of pergolide mesylate to patients receiving levodopa may 
cause and/or exacerbate preexisting dyskinesia 

Information for Patients —Patients and their families should be informed of 
the common adverse consequences of the use of pergolide mesylate (see 
Adverse Reactions) and the risk of hypotension (see Warnings) 

Patients should be advised to notify their physician if they become pregnant 
or intend to become pregnant during therapy. 

pats should be advised to notify their physician if they are breast feeding 
an infant 

Laboratory Tests —No specific laboratory tests are deemed essential for the 
management of patients on Permax. Periodic routine evaluation of all patients. 
however. is appropriate 

Drug Interactions —Dopamine antagonists, such as the neuroleptics (phe- 
nothiazines, butyrophenones. thioxanthines) or metoclopramide, ordinarily 
should not be administered concurrently with Permax (a dopamine 
agonist): these agents may diminish the effectiveness of Permax 

Because pergolide mesylate is approximately 90% associated with plasma 
Proteins. caution should be exercised if pergolide mesylate is coadministered 
with other drugs known to affect protein binding 

Carcinogenesis, Mutagenesis, and Impairment of Fertility —A two-year 
carcinogenicity study was Conducted in mice um dietary levels of pergolide 
mesylate equivalent to oral doses of 0.6, 3.7, and 36.4 mg/kg/day in males and 
0.6, 4.4, and 40 8 mg/kg/day in females. A two-year study in rats was con- 
ducted using dietary levels equivalent to oral doses of 0.04, 0.18. and 0.88 
mg/kg/day in males and 0 05. 0.28, and 1 42 mg/kg/day in females. The 
highest doses tested in the mice and rats were approximately 340 and 12 times 
the maximum human oral dose administered in controlled clinical trials (6 mg/ 
day equivalent to 0.12 mg/kg/day) 

A low incidence of uterine neoplasms occurred in both rats and mice 
Endometrial adenomas and carcinomas were observed in rats. Endometrial 
sarcomas were observed in mice. The occurrence of these neoplasms is prob- 
ably attributable to the high estrogen/progesterone ratio which would occur in 
rodents as a result of the prolactin-inhibiting action of pergolide mesylate. The 
endocrine mechanisms believed to be involved in the rodents are not present in 
humans. However, even though there is no known correlation between uterine 
malignancies occurring in pergolide-treated rodents and human risk, there are 
no human data to substantiate this conclusion 

Pergolide mesylate was evaluated for mutagenic potential in a battery of 
tests that included an Ames bacterial mutation assay. a DNA repair assay in 
cultured rat hepatocytes, a point-mutation assay in cultured L5178Y cells, and 
a determination of chromosome alteration in bone marrow cells of Chinese 
hamsters. A weak mutagenic response was noted in the in vitro mammalian 
cell-point-mutation assay using L5178Y cells only after metabolic activation 
with rat liver microsomes. No mutagenic effects were obtained in the two other 

in vitro assays and in the in vivo assay. The relevance of these findings to 
humans is unknown 

Afertility study in male and female mice showed that fertility was maintained 
at 0.6 and 1.7 mg/kg/day but decreased at 5.6 mg/kg/day. Prolactin has been 

reported to be involved in stimulating and maintaining progesterone levels 
required for implantation in mice and, therefore, the impaired fertility at high 
dose may occur because of depressed prolactin levels. 

Usage in Pregnancy—Pregnancy Category B —Reproduction studies were 
conducted in mice at doses of 5, 16. and 45 mg/kg/day and in rabbits at doses 
of 2. 6, and 16 mg/kg/day. The highest doses tested in mice and rabbits were 
375 and 133 times the 6 mg/day maximum human dose administered in con- 
trolled clinical trials. Inthese studies, there was no evidence of harm tothe fetus 
due to pergolide mesylate 

There are, however, no adequate and well-controlled studies in pregnant 
women Among women who received pergolide mesylate for endocrine disor- 
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ders in premarketing studies, there were 33 pregnancies that resulted in healthy 
babies and four pregnancies that resulted in congenital abnormalities (‘wo 
major, two minor); a causal relationship has not been established. Because 
human data are limited and because animal reproduction studies are not 
always predictive of human response, this drug should be used during preg- 
nancy only if clearly needed 

Nursing Mothers —\t is not known whether this drug is excreted in human 
milk. The pharmacologic action of pergolide mesylate suggests that it may 
interfere with lactation. Because many drugs are excreted in human milk and 
because of the potential for serious adverse reactions to pergolide mesylate in 
nursing infants, a decision should be made whether to discontinue nursing or to 
cee the drug, taking into account the importance of the drug to the 
mother. 
i Pediatric Use —Satety and effectiveness in children have not been estab- 
ished 


Adverse Reactions: Commonly Observed —in premarketing clinical trials. the 
most commonly observed adverse events associated with use of pergolide 
mesylate which were not seen at an equivalent incidence among placebo- 
treated patients were: nervous system complaints, including dyskinesia, hallu- 
Cinations, somnolence. insomnia: digestive complaints. including nausea. 
constipation, diarrhea, dyspepsia, and respiratory system complaints. includ- 
ing rhinitis 

Associated With Discontinuation of Treatment —Twenty-seven percent 
(27%) of approximately 1,200 patients receiving pergolide mesylate for treat- 
mentof Parkinson's disease in premarketing clinical trials in the US and Canada 
discontinued treatment due to adverse events. The events most commonly 
Causing discontinuation were related to the nervous system (15.5%), primarily 
hallucinations (7.8%) and confusion (1.8%) 

Fatalities—See Warnings 

Incidence in Controlled Clinical Trials —The table that follows enumerates 
adverse events that occurred at a frequency of 1% or more among patients 
taking pergolide mesylate who participated in the premarketing controlled clin- 
ical trials comparing pergolide mesylate with placebo. In a double-blind, con- 
trolled study of six months’ duration, patients with Parkinson's disease were 
continued on levodopa/carbidopa and were randomly assigned to re- 
ceive either pergolide mesylate or placebo as additional therapy. 

The prescriber should be aware that these figures cannot be used to predict 
the incidence of side effects in the course of usual medical practice where 
patient characteristics and other factors differ rom those which prevailed 
in the clinical trials. Similarly, the cited frequencies cannot be compared with 
figures obtained from other clinical investigations involving different treat- 
ments, uses, and investigators. The cited figures, however, do provide the pre- 
scribing physician with some basis for estimating the relative contribution of 
drug and nondrug factors to the side-effect incidence rate in the population 
studie 


Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 
Percentage of Patients Reporting Events 


Pergolide Mesylate Placebo 
N=189 N=187 


Body System/ 
Adverse Event" 


Body as a Whole 
Pain 70 
Abdominal pain 58 
Injury, accident 58 
Headache 53 
Asthenia 42 
Chest pain 37 
3.2 
27 
16 
16 
11 
11 
VW 





Flu syndrome 

Neck pain 

Back pain 

Surgical procedure 

Chills 

Face edema 

Infection 
Cardiovascular 


Postural hypotension 90 
Vasodilatation 3.2 
Palpitation 21 
Hypotension 21 
Syncope 21 
Hypertension 16 
Arrhythmia ti 
Myocardial intarction ti 


Digestive 
Nausea 43 
Constipation 06 
Diarrhea 64 

Dyspepsia 64 

48 
37 
27 
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Anorexia 
Dry mouth 
Vomiting 
Hemic and Lymphatic 
Anemia 11 <1 
Metabolic and Nutritional 


Peripheral edema 

Edema 

Weight gain 
Musculoskeletal 

Arthralgia 

Bursitis 

Myalgia 

Twitching 
Nervous System 


Dyskinesia 
Dizziness 
Hallucinations 
Dystonia 
Confusion 
Somnolence 
Insomnia 

Anxiety 

Tremor 
Depression 
Abnormal dreams 
Personality disorder 
Psychosis 
Abnormal gait 
Akathisia 
Extrapyramidal syndrome 
Incoordination 
Paresthesia 
Akinesia 
Hypertonia 
Neuralgia 

Speech disorder 
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Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 
Percentage of Patients Reporting Events 


Pergolide Mesylate Placebo 
N=189 N=187 


Body System/ 
Adverse Event" 


Respiratory System 
Rhinitis 122 
Dyspnea 48 
16 
11 





Epistaxis 
Hiccup 


Skin and Appendages 
Rash 32 21 
Sweating 21 27 A 
Special Senses 


Abnormal vision 5 
Diplopia 2 
Taste perversion 1 
Eye disorder 1 


Urogenital System 
Urinary frequency 27 
Urinary tract infection ee 
Hematuria ti < 


“Events reported by at least 1% of patients receiving pergolide mesylate are 
included 


Events Observed During the Premarketing Evaluation of Permax —This sec- 
tion reports event frequencies evaluated as of October 1988 for adverse events 
Ocurring ina group of approximately 1,800 patients who took multiple doses of 
pergolide mesylate. The conditions and duration of exposure to pergolide 
mesylate varied greatly, involving well-controlled studies as well as experience 
in open and uncontrolled clinical settings. In the absence of appropriate con- 
trols in some of the studies. a causal relationship between these events and 
treatment with pergolide mesylate cannot be determined 

The following enumeration by organ system describes events in terms of 
their relative frequency of reporting in the data base. Events of major clinical 
importance are also described in the Warnings and Precautions sections 

The following definitions of frequency are used: frequent adverse events are 
defined as those occurring in at least 1/100 patients: infrequent adverse events 
are those occurring in 1/100 to 1/1,000 patients; rare events are those occur- 
ring in fewer than 1/1,000 patients 

Body as a Whole —Frequent. headache. asthenia. accidental injury, abdom-f 
inal pain, chest pain, back pain. flu syndrome, neck pain, fever: Infrequent. 
facial edema, chills, enlarged abdomen. malaise. neoplasm, hernia, pelvic 
pain, sepsis. cellulitis, moniliasis, abscess. jaw pain, hypothermia. Rare acute 
abdominal syndrome, LE syndrome 

Cardiovascular System — Frequent: postural hypotension. syncope. hyper- 
tension, palpitations, vasodilatations. congestive heart failure. Infrequent 
myocardial infarction, tachycardia, heart arrest, abnormal electrocardiogram, 
angina pectoris. thrombophlebitis, bradycardia, ventricular extrasystoles, 
cerebrovascular accident, ventricular tachycardia. cerebral ischemia, atrial 
fibrillation, varicose vein. pulmonary embolus, AV block, shock; 
Rare: vasculitis, pulmonary hypertension, pericarditis, migraine, heart block, 
cerebral hemorrhage 

Digestive System — Frequent: nausea, vomiting. dyspepsia, diarrhea, con- 
stipation, dry mouth, dysphagia: /nfrequent: flatulence, abnormal liver function 
tests. increased appetite, salivary gland enlargement. thirst. gastroenteritis, 
gastritis, periodontal abscess, intestinal obstruction, nausea and vomiting, 
Gingivitis, esophagitis, cholelithiasis, tooth caries. hepatitis, stomach ulcer. 
melena. hepatomegaly, hematemesis, eructation: Rare: sialadenitis. peptic 
ulcer, pancreatitis, jaundice, glossitis, fecal incontinence. duodenitis, colitis. 
cholecystitis, aphthous stomatitis, esophageal ulcer 

Endocrine System —/nfrequent: hypothyroidism, adenoma, diabetes melli- 
tus, ADH inappropriate: Rare: endocrine disorder, thyroid adenoma 

Hemic and Fumpbatic System — Frequent: anemia; Infrequent: leukopenia, 
lymphadenopathy. leukocytosis. thrombocytopenia. petechia, megaloblastic 
anemia, cyanosis, Rare. purpura, lymphocytosis, eosinophilia, thrombo, 
cythemia. acute lymphoblastic leukemia, polycythemia, splenomegaly 

Metabolic and Nutritional System — Frequent peripheral edema. weight 
loss, weight gain: Infrequent: dehydration, hypokalemia. hypoglycemia,iron 
deficiency anemia. hyperglycemia, gout, hypercholesteremia. Rare elec- 
trolyte imbalance, cachexia, acidosis, hyperuricemia 

Musculoskeletal System — Frequent twitching, myalgia. arthralgia. /nfre- 
quent: bone pain, tenosynovitis, myositis, bone sarcoma, arthritis, Rare 
osteoporosis. muscle atrophy, osteomyelitis 

Nervous System— Frequent: dyskinesia, dizziness, hallucinations, confu- 
sion, somnolence. insomnia. dystonia, paresthesia, depression. anxiety, 
tremor, akinesia, extrapyramidal syndrome. abnormal gait, abnormal dreams, 
incoordination, psychosis, personality disorder, nervousness. choreoatheto- 
SIS, amnesia. paranoid reaction, abnormal thinking; /nfrequent: akathisia, neu- 
ropathy. neuralgia, hypertonia, delusion, convulsion, libido increased, 
euphoria, emotional lability, libido decreased. vertigo, myoclonus, coma, apa- 
thy, paralysis, neurosis, hyperkinesia, ataxia, acute brain syndrome, torticollis, 
meningitis, manic reaction, hypokinesia, hostility, agitation, hypotonia, Rare: 
stupor. neuritis, intracranial hypertension, hemiplegia. facial paralysis. brain 
edema. myelitis, hallucinations and contusion after abrupt discontinuation 

Respiratory System —Frequent: rhinitis, dyspnea, pneumonia, pharyngitis. 
cough increased; Infrequent: epistaxis, hiccup, sinusitis, bronchitis, voice 
alteration. hemoptysis, asthma. lung edema, pleural effusion. laryngitis, 
emphysema, apnea, hyperventilation, Rare. pneumothorax, lung fibrosis, 
larynx edema, hypoxia, mposti. hemothorax, carcinoma of lung 

kin and Appendages System — Frequent sweating, rash. /nfrequent skin 
discoloration, pruritus, acne, skin ulcer, alopecia, dry skin, skin carcinoma, 
seborrhea, hirsutism, herpes simplex, eczema. tungal dermatitis, herpes 
zoster; Rare: vesiculobullous rash, subcutaneous nodule. skin nodule. skin 
benign neoplasm, lichenoid dermatitis t 

Special Senses System — Frequent. diplopia; Infrequent. otitis media - 
junctivitis, tinnitus. deafness, taste perversion, ear pain, eye pain. glaucoma 
eye hemorrhage, photophobia, visual field defect, Rare- blindness. cataract. 
retinal detachment. retinal vascular disorder 

Urogenital System —Frequent: urinary tract infection, urinary frequency, 
urinary incontinence, hematuria, dysmenorrhea; Infrequent. dysuria, breast 
pain, menorrhagia, impotence. cystitis. urinary retention, abortion, vaginal 
hemorrhage, vaginitis, priapism, kidney calculus, fibrocystic breast. lactation, 
uterine hemorrhage, urolithiasis. salpingitis, pyuria, metrorrhagia. menopause. 
kidney failure. breast carcinoma, cervical carcinoma, Rare amenorrhea, blad- 
der carcinoma, breast engorgement, epididymitis. hypogonadism. leukorrhea. 
nephrosis, pyelonephritis, urethral pain. uricaciduria, withdrawal bleeding 
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Magnetic Resonance Imaging of the 
Human Lateral Geniculate Body 


Jonathan C. Horton, MD, PhD; Klara Landau, MD; Philippe Maeder, MD; William F. Hoyt, MD 


@ We used magnetic resonance imaging 
to map the human lateral geniculate body. 
The optimal imaging plane was deter- 
mined by obtaining axial and coronal 
scans in two normal brains obtained at au- 
topsy. The brain specimens were then 
sectioned and individual slices were com- 
pared with matching magnetic resonance 
images. After the lateral geniculate body 
was identified using this correlative ana- 
tomic approach, the nucleus was imaged 
in four normal subjects. 

(Arch Neurol. 1990;47:1201-1206) 


Thre human lateral geniculate body is 

the principal thalamic visual center 
linking the retina and the striate cor- 
tex. It has always attracted the atten- 
tion of anatomists because of its con- 
spicuous laminar pattern. Recent tech- 
nical advances in neuroradiology have 
allowed many portions of the optic 
pathway to be visualized in beautiful 
detail.!? However, none of the cur- 
rently available modalities—com- 
puted tomography, positron emission 
tomography, or magnetic resonance 
imaging—has been employed success- 
fully to image the lateral geniculate 
body. Therefore, we undertook this 
study to image the lateral geniculate 
body by using magnetic resonance, 
first in brain specimens obtained at 
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autopsy and, subsequently, in living 
human subjects. 


SUBJECTS AND METHODS 


Magnetic resonance images were ob- 
tained using a Signa scanner (General Elec- 
tric Medical Systems, Milwaukee, Wis), 
equipped with a 1.5 tesla magnet and a 
quadrature head coil. A multislice spin- 
echo technique was used to acquire 3.0-mm 
slices, separated by a 1.5-mm interslice gap, 
with a matrix of 256 by 256 picture elements 
and a field of view of 20 or 22 cm. Two to four 
excitations were usually performed to en- 
hance the signal-to-noise ratio. 

The appearance and location of the lat- 
eral geniculate body in magnetic resonance 
images was established first by obtaining 
the brain at autopsy from two adult pa- 
tients who died of nonneurological causes. 
The specimens were fixed in 10% formalin 
for 1 month and then transferred to 25% 
ethanol. Each brain was scanned repeat- 
edly, adjusting the repetition time (TR), 
echo time (TE), and the imaging plane, to 
obtain the clearest possible view through 
the thalamic structures believed to repre- 
sent the lateral geniculate bodies. After 
satisfactory images were acquired, an in- 
dustrial rotatory microtome was used to cut 
serial whole brain sections at 1.5 mm 
through each specimen. Smaller blocks 
were sectioned at 60 um using a freezing 
microtome and subsequently processed for 
Nissl substance and myelin. The anatomic 
sections were then correlated with the mag- 
netic resonance images to identify the lat- 
eral geniculate body. 

To image the lateral geniculate body in 
normal subjects, magnetic resonance scans 
were obtained in four volunteers aged 20 to 
37 years. The magnetic resonance parame- 
ters used were identical to those employed 
in the preceding anatomic experiments, ex- 
cept that different TR and TE values were 
required for optimum images. 


RESULTS 
Magnetic Resonance— Autopsy Brain 
Correlation 


The first brain specimen was 
scanned in the coronal plane to image 
the lateral geniculate body. We di- 
rected our attention to the region just 
above the lateral recess of the ambient 
cistern, opposite the subiculum of the 
hippocampal formation, where the lat- 
eral geniculate body is depicted in a 
standard brain atlas.’ An area of in- 
creased signal intensity approxi- 
mately 5 by 6 mm was noted in this re- 
gion on each scan. The clearest images 
were obtained by scanning the thala- 
mus in a coronal plane tilted slightly 
forward, parallel to the floor of the 
fourth ventricle (Fig 1). 

After satisfactory magnetic reso- 
nance images were obtained, the brain 
was sliced in precisely the same coro- 
nal plane. A 1.5-mm whole-brain tis- 
sue section containing the lateral gen- 
iculate body is illustrated in Fig 2. The 
location of the lateral geniculate body 
in the anatomic section matched ex- 
actly the region of increased signal in- 
tensity identified in the corresponding 
magnetic resonance image (Fig 1). 

Magnetic resonance scans were ob- 
tained of the second autopsy specimen 
in an axial plane passing through the 
cerebellar vermis, superior colliculi, 
and the genu of the corpus callosum. 
The lateral geniculate body was visible 
capping the tip of the lateral recess of 
the ambient cistern (Fig 3). Compari- 
son of the magnetic resonance image 
with a corresponding 1.5-mm ana- 
tomic section through the same brain 
confirmed the identity of the lateral 
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geniculate body (Fig 4). At higher 
magnification (Fig 5) it appeared in 
magnetic resonance images as a wedge 
of relatively bright signal, sandwiched 
between the optic radiations laterally 
and the posterior limb of the internal 
capsule anteromedially. The medial 
geniculate body was located medially, 
slightly indenting the contour of the 
ambient cistern. 

The tissue section illustrated in Fig 
4 was subsequently stained for Nissl 
substance (Fig 6). The lateral genicu- 
late body appeared as a densely cellu- 
lar structure composed of multiple 
laminae arched dorsally about the 
hilum. Some of the laminae are inter- 
digitated or fragmented, obscuring the 
basic six-layered pattern of the nu- 
cleus. Previous investigators have de- 
scribed the irregular and variable lam- 
inar pattern of the human lateral gen- 
iculate body.’ 

An adjacent section was processed 
to visualize myelin (Fig 7). The lateral 
geniculate body contains enough my- 
elinated visual fibers to appear more 
darkly labeled than cerebral cortex. 
However, it is relatively pale com- 
pared with the internal capsule or the 
optic radiations. The richly myeli- 
nated optic radiations sharply define 
the lateral border of the lateral genic- 
ulate body. The heavily myelinated fi- 
bers of the posterior limb of the inter- 
nal capsule clearly mark the anterior 
border of the lateral geniculate body. 
Only the medial border of the lateral 
geniculate body is poorly demarcated, 
because it blends with the adjacent 
medial geniculate body. Both the lat- 
eral and medial geniculate bodies are 
relatively cellular and sparsely myeli- 
nated, making it difficult to define their 
common border in magnetic resonance 
images. 

The spatial resolution of the mag- 
netic resonance images of autopsy 
brain was excellent. This enhanced 
resolution was due to the absence of 
motion and flow artifact, and perhaps 
to fixation of the tissue by formalin. 
The optimum contrast between gray 
and white matter was achieved with a 
TR = 800 milliseconds, TE = 20 milli- 
seconds. However, images obtained us- 
ing a TR = 3000 milliseconds, TE = 30 
milliseconds appeared remarkably 
similar. This finding indicates that 
T-1 and T-2 values for fixed autopsy 
brain tissue are different from values 
that apply in living subjects. 


In Vivo Studies 


Magnetic resonance scans were ob- 
tained in four volunteer subjects after 
the preceding anatomic studies were 
concluded. In each person it was possi- 
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Fig 1.—Coronal 3-mm magnetic resonance image obtained of a formalin-fixed brain specimen. 
Arrow within the ambient cistern identifies the left lateral geniculate body. TR = 800 milliseconds; 
TE = 20 milliseconds. 





Fig 2.—Matching 1.5-mm brain section cut from the specimen illustrated in Fig 1. Arrow marks 
the left lateral geniculate body. 
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Fig 5.—Detailed view of Fig 3; arrow identifies the left lateral geniculate 
body. 





Fig 3.—Axial 3-mm magnetic resonance image from an autopsy brain 


specimen. The apex of the left lateral geniculate body is indicated by the 
arrow. TR = 800 milliseconds; TE = 20 milliseconds. 





Fig 6.—Matching 60-um tissue section from the specimen in Fig 4, 


stained for Nissl substance. The arrow labels the left lateral geniculate 
body. 





Fig 7.—Acjacent section processed for myelin; left lateral geniculate 
body is marked by an arrow. Note the similarity between the myelin dis- 
Fig 4.—Corresponding 1.5-mm anatomic section from the specimen 


tribution within the tissue section and the magnetic resonance signal in 
imaged in Fig 3. Arrow marks apex of the left lateral geniculate body. 


Fig 5. 
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ble to visualize the lateral geniculate 
body clearly, although in several cases 
more than one scan was required. If 
the lateral geniculate body was not 
imaged clearly on the first run, a small 
adjustment in the plane of scanning or 
an increase in the number of excita- 
tions resulted in success on a subse- 
quent attempt. 

To obtain the best coronal images, 
scans were performed with 20 degrees 
anterior angulation (orbitomeatal line 
(OML) + 70°) from the standard coro- 
nal plane (Fig 8). A representative im- 
age, obtained from two excitations 
with a TR = 2800 milliseconds, TE = 30 
milliseconds, is illustrated in Fig 9. 
The lateral geniculate body was visible 
perched atop the end of the ambient 
cistern. The lateral border of the gen- 
iculate body was clearly defined by the 
optic radiations, but the medial border 
blended indistinctly with the adjacent 
medial geniculate body. 

The optimal axial images of the lat- 
eral geniculate body were obtained by 
scanning with 25 degrees posterior an- 
gulation (OML + 25°) from the stan- 
dard axial plane (Fig 10). This angle 
affords a simultaneous view of the lat- 
eral geniculate body, optic radiations, 
and primary visual cortex. An image 
obtained from four excitations with a 
TR = 2800 milliseconds, TE = 40 mil- 
liseconds is shown in Fig 11. The lat- 
eral geniculate body appeared as a 
small triangle of gray matter adjoin- 
ing the lateral recess of the ambient 
cistern. 

The clearest images of the lateral 
geniculate body in living subjects 
were obtained with a TR = 2800 milli- 
seconds, TE = 30 to 40 milliseconds. 
Scans performed using this combina- 
tion of TR and TE are commonly re- 
ferred to as proton density images. 
The lateral geniculate body was not 
imaged consistently in either T-1- or 
T-2-weighted scans. Unfortunately, 
proton density (and T-2-weighted) im- 
ages require more time to acquire than 
T-1-weighted images. Consequently, 
long scan times were necessary to ob- 
tain views with an acceptable signal- 
to-noise ratio. The scan illustrated in 
Fig 9 required 23 minutes (2.8 seconds 
X 256 X 2) to complete; the scan in Fig 
11 took 47 minutes (2.8 seconds X 256 
X 4). Cardiac gating of the data acqui- 
sition did not improve image resolu- 
tion. 


COMMENT 


This study provides the first images 
of the lateral geniculate body in hu- 
man subjects. To identify the lateral 
geniculate body, we first obtained 
magnetic resonance scans of autopsy 
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Fig 8.— Sagittal magnetic resonance image demonstrating optimal scanning plane to obtain coro- 
nal views of the lateral geniculate body. 





Fig 9.—Coronal 3-mm magnetic resonance image corresponding to slice indicated in Fig 8. The 
right lateral geniculate body is identified by an arrow. TR = 2800 milliseconds; TE = 30 millisec- 
onds. 


Geniculate Body—Horton et al 





Fig 10.—Sagittal magnetic resonance image showing optimal plane for axial scans through the 
lateral geniculate body. 





brain specimens. The magnetic reso- 
nance images were subsequently cor- 
related with tissue sections cut from 
the same specimen to pinpoint the lo- 
cation of the lateral geniculate body. 
Under ideal conditions, magnetic res- 
onance imaging is capable of resolving 
structures only 0.4 X 0.4 X 3.0 mm. 
However, considerably larger struc- 
tures may be difficult to resolve within 
the brain parenchyma. The correlation 
of magnetic resonance images with 
anatomic sections allows unequivocal 
identification of structures like the 
lateral geniculate body that are near 
the limit of resolution by magnetic 
resonance. 

Although the lateral geniculate 
body contains both neurons and my- 
elinated fibers, it resembles gray mat- 
ter most closely in magnetic resonance 
images. The lateral geniculate body 
can be imaged successfully because it 
is bordered by several structures with 
different signal characteristics. The 
hilum of the lateral geniculate body 
abuts the lateral recess of the ambient 
cistern. In both axial and coronal sec- 
tions, the ambient cistern serves as a 
guide to the location of the lateral 
geniculate body. The lateral and supe- 





Fig 11.—Axial 3-mm magnetic resonance scan; the apex of the left lat- Fig 12.—Axial 5.0-mm magnetic resonance image demonstrating lateral 
eral geniculate body is marked by an arrow. TR = 2800 milliseconds; geniculate bodies (arrows). TR = 2800 milliseconds; TE = 30 millisec- 
TE = 40 milliseconds. onds, 256 X 192 matrix, scan time equals 9 minutes, 34 seconds. 
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rior borders of the lateral geniculate 
body are sharply defined by the white 
matter of the optic radiations. In axial 
sections, the lateral geniculate body is 
bordered anteriorly by the myelinated 
fibers of the internal capsule. Only the 
border shared with the medial genicu- 
late body is indistinct. Thus the lateral 
geniculate body is actually silhouetted 
by the ambient cistern and surround- 
ing white matter. 

To image the lateral geniculate 
body, optimal spatial resolution was 
achieved by performing thin slices and 
by using a 256 X 256 matrix. On each 
set of images, the lateral geniculate 
body was visible on only a single 3-mm 
slice. The correct choice of scanning 
plane was vital. It was necessary to 
obtain scans that included the ambient 
cisterns and passed perpendicular to 
the maximum cross-sectional area of 
the nucleus. The clearest coronal im- 
ages resulted by scanning 20° from the 
standard coronal plane (OML + 70°). 
The best axial images were obtained 
25° from the standard axial plane 
(OML + 25°). The signal-to-noise ratio 
was enhanced by using a high-field (1.5 
tesla) magnetic resonance scanner and 
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by performing multiple excitations. 
Precise localization of retrochias- 
mal lesions by clinical examination 
alone is often difficult. Clinicians are 
apt to localize lesions to the optic tract 
more often than to the geniculate body, 
although at autopsy examination pa- 
thologists encounter lesions of the lat- 
eral geniculate body more frequently. 
In the future, magnetic resonance can 
be used to image lesions that encom- 
pass the lateral geniculate body. By 
adhering to the parameters defined in 
this study, the lateral geniculate body 
can be visualized consistently. How- 
ever, the long scan times required to 
obtain adequate images are not feasi- 
ble for routine studies. It may be worth 
the extra time required for multiple 
excitations and a 256 X 256 matrix if 
the scan is being obtained to visualize 
a lesion suspected to involve the lateral 
geniculate body. Of note, we have ob- 
served the lateral geniculate body in 
occasional scans that pass through the 
region of the ambient cistern at the 
correct angle, although the scans were 
not performed using optimal parame- 
ters. An example, illustrated in Fig 12, 
required less than 10 minutes to per- 


form. As the quality of magnetic reso- 
nance images continues to improve, we 
suspect that the lateral geniculate 
body will be imaged routinely in the 
near future. Correlation with clinical 
findings should lead to a more com- 
plete description of syndromes involv- 
ing the human lateral geniculate body. 
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Now Ambulatory 
EEG Is Easy To 
Put Into Action. 


Until recently, there was only one 
option in ambulatory EEG moni- 
toring. Now Cadwell is introducing 
a way to add ambulatory to your 
practice — for about half the cost. 

With the Cadwell RDC-32 
Ambulatory Monitoring System, 
you can give your patients all the 
advantages of 24-hour ambulatory 
EEG, while you save valuable time 
and resources. 

The RDC-32 Ambulatory 
System plays EEG at 20 or 60 
times the acquisition rate, allow- 
ing you to review data quickly and 


© 1990 Cadwell Laboratories, Inc. 


easily via the color monitor and 
stereo headphones. What’s more, 
Cadwell’s hard disk buffer gives 
you instant access to the EEG, so 
you can review areas of clinical 
interest without shuttling 
through tape. 


You can also punch in a speci- 


fic time or event, 
and the system 
quickly locates that 
point on the tape. 
And audible 

event markers 

alert you to A 
seizures or other ` 
segments of 

clinical interest 
from the 

recording. 














While conventional stations 
are limited to conventional printers, 
the Cadwell system gives you fast, 
sharp, laser printing as well as 
analog output to your paper EEG 
plotter. Your marks and comments 
will appear on the professional 
quality laser printouts. 

There's never been a more 
effective and economical 
way to put ambulatory 
into action. Soformore 

information or a 
demonstration, 
call Cadwell 

at 1-800-245-3001 
| or 1-509-735-6481. 


FAX: (509) 783-6503 


Your Clinical Link To Advanced Technology. 
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Beevor’s Sign and Facioscapulohumeral Dystrophy 


Gavin I. Awerbuch, MD; Michael A. Nigro, DO; Robin Wishnow 


@ We have frequently observed that 
Beevor’s sign was present in patients with 
facioscapulohumeral dystrophy (FSHD) 
but absent in patients with other neuro- 
muscular disorders. To determine the sig- 
nificance of this observation we prospec- 
tively evaluated 30 patients with FSHD and 
40 patients with other neuromuscular dis- 
orders. Beevor’s sign was present in 27 of 
30 patients with FSHD but absent in all 
40 control patients. We conclude that 
Beevor’s sign is a common finding in pa- 
tients with FSHD even before functional 
weakness of abdominal wall muscles is 
apparent. Testing for Beevor’s sign is a 
simple screening test that may help in dis- 
tinguishing FSHD from other forms of 
facioscapulohumeral syndrome. 

(Arch Neurol. 1990;47:1208-1209) 


F acioscapulohumeral dystrophy 

(FSHD) is an autosomal dominant 
disorder that characteristically af- 
fects the facial and shoulder girdle 
muscles. There is considerable vari- 
ability in age of onset, severity of 
symptoms, and muscle _histology.' 
There are no specific tests that are di- 
agnostic of FSHD and it is often diffi- 
cult to distinguish between various 
myogenic and neurogenic disorders 
with a similar distribution of weak- 
ness. These conditions, including 
FSHD, constitute a group harbored 
under the term facioscapulohumeral 
syndrome.” 
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In a preliminary observation we 
noted that Beevor’s sign was present in 
patients with FSHD, but absent in pa- 
tients with other neuromuscular dis- 
orders. To determine the significance 
of this observation we systematically 
evaluated 30 patients with FSHD for 
Beevor’s sign. 


PATIENTS AND METHODS 


Thirty patients with FSHD were tested 
prospectively for Beevor’s sign. Patients 
were between 5 and 72 years old, with a sex 
ratio of 18 females to 12 males. In all 
patients the onset of disease was during 
childhood or adolescence (2 to 19 years; 
mean, 11.2 years). Diagnostic criteria in- 
cluded facial weakness, progressive in- 
volvement of the muscles of the shoulders, 
trunk and foot dorsiflexors, mild to moder- 
ate elevation of serum creatine kinase, 
characteristic myopathic electromyogram, 
and dystrophic changes on muscle biopsy. 
Family history suggested an autosomal 
dominant inheritance in 19 of the 30 pa- 
tients; the remaining 11 were apparently 
sporadic cases. Duration of the disease was 
1 month to 62 years (mean, 18.7 years). 

To exclude the possibility that Beevor’s 
sign was a nonspecific phenomenon in mus- 
cular dystrophy or facioscapulohumeral 
syndrome, we investigated 40 age- and sex- 
matched patients with other forms of mus- 
cular dystrophy (12 Duchenne’s, 8 Becker’s, 
6 limb girdles, and 4 myotonic dystrophies) 
and other neuromuscular disorders with a 
facioscapulohumeral distribution of weak- 
ness (4 congenital myopathies, 4 spinal 
muscular atrophies, and 2 myasthenia 
gravis patients).? 

To evaluate for Beevor’s sign, the patient 
was asked to flex his neck or sit up from the 
supine position. Beevor’s sign was consid- 
ered positive if the umbilicus moved up- 
ward. Beevor’s sign was considered absent 
if the umbilicus did not move. 


RESULTS 


Beevor’s sign was present in 27 of 30 
patients with FSHD. The umbilicus 


was found to move upward in all 27 
patients. The presence or absence of 
Beevor’s sign could not be correlated to 
the patient’s sex, age of onset, duration 
of clinically manifest disease, or sever- 
ity of weakness. Beevor’s sign was 
present in patients with weakness lim- 
ited to the facial muscles as well as in 
patients with more severe generalized 
weakness. 

Three patients with FSHD did not 
demonstrate a Beevor’s sign. One pa- 
tient was an 8-year-old boy with only 
minimal facial weakness. His brother 
with more clinically advanced FSHD 
did exhibit a Beevor’s sign. The second 
patient had severe generalized weak- 
ness and was unable to elevate her 
head. The third patient was an obese, 
multiparous woman, and umbilicus 
movement could not be observed. 

Beevor’s sign was absent in all 40 
control patients with other neuromus- 
cular disorders, including those with 
facioscapulohumeral syndrome and 
hip girdle weakness. 


COMMENT 


Beevor’s sign, originally docu- 
mented by the English neurologist 
Charles E. Beevor, has classically been 
described in patients with well-devel- 
oped upper motor neuron lesions of the 
thoracic spinal cord.? With such le- 
sions, there is weakness and sensory 
loss below the involved spinal cord 
level. This results in diaphragmatic 
respiration and paralysis of the lower 
intercostal muscles. If the lower rectus 
abdominis muscles are weak, the um- 
bilicus will move upward when the 
head is raised in the supine position 
toward the pull of the intact upper 
rectus muscles, producing Beevor’s 
sign. Since the umbilicus corresponds 
to the T-10 myotome, upward migra- 
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tion indicates a lesion at that level of 
the thoracic spinal cord.’ Twenty- 
seven of 30 patients with FSHD exhib- 
ited Beevor’s sign without signs of a 
spinal cord lesion, which suggests 
myogenic involvement of the lower 
rectus abdominis muscles. 
Facioscapulohumeral dystrophy ini- 
tially affects the facial muscles, espe- 
cially the orbicularis oculi, zygomati- 
cus, and orbicularis oris. The mas- 
seters, temporalis, extraocular, and 
pharyngeal muscles are not character- 
istically involved. The muscle weak- 
ness then progresses in a descending 
manner involving the shoulder girdle, 
arms, and, finally, the pelvic girdle. 
The exception to this descending pro- 
gression may be early involvement of 
the tibialis anterior muscles.” The dis- 
ease is often characterized by weak- 
ness of scapular fixation producing 
scapular winging. Involvement of the 
latissimus dorsi, the lower portion of 
the teres, rhomboids, and spinatus 
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muscles results in the characteristic 
appearance of the shoulder or so-called 
angel wings. 

In the later stages of FSHD, patients 
may develop an exaggerated lumbar 
lordosis and protuberant abdomen due 
to weakness of the pelvic and abdom- 
inal wall muscles. In about half of 
those affected, the disease never func- 
tionally involves the pelvic girdle and 
remains arrested in the shoulders and 
arms.’ 

However, our findings of Beevor’s 
sign in 27 of 30 patients with FSHD 
suggests that unrecognized involve- 
ment of the abdominal wall muscles is 
common and seems to violate the prin- 
ciple of descending weakness in FSHD. 

Testing for Beevor’s sign is sensitive 
in detecting abdominal wall muscle 
weakness in patients with FSHD when 
functional.weakness is not yet appar- 
ent. Beevor’s sign appears to be a reli- 
able and reproducible clinical finding 
in patients with FSHD and may aid in 


differentiating FSHD from other 
forms of facioscapulohumeral syn- 
drome. 

We propose a simple, time efficient 
clinical screening test to help detect 
patients with FSHD: (1) review family 
photos to establish inheritance; (2) ob- 
serve the face for smile, nose wrinkle, 
whistle; (3) check resistance to eye clo- 
sure; (4) observe for angel wings dur- 
ing arm elevation and abduction; and 
(5) check for Beevor’s sign. 
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IgG Reactivity in the Spinal Cord and Motor Cortex in 
Amyotrophic Lateral Sclerosis 


Jozsef I. Engelhardt, MD, Stanley H. Appel, MD 


@ The spinal cord and motor cortex of 
patients with amyotrophic lateral sclerosis 
(ALS) were examined with immunohis- 
tochemical methods for the presence of 
IgG. In 13 of 15 spinal cords, a population 
of motoneurons stained positively for IgG 
in a granular pattern, characteristic of 
binding to the rough endoplasmic reticu- 
lum. In 6 of 11 motor cortices, a proportion 
of pyramidal cells also stained positively 
for IgG. No such reactivity was noted in 
motoneurons of control human tissues, al- 
though positive IgG staining was present 
in astrocytes of ALS and control speci- 
mens. Reactive microglia and/or mac- 
rophages were detected in the territory of 
degenerating pyramidal tracts and ventral 
horns. The surface of most of these cells 
stained positively for IgG, and 50% 
stained positively for HLA-DR. The accu- 
mulation of IgG in motoneurons and the 
presence of immunologically active mac- 
rophages provide additional evidence for 
the participation of immunologic factors in 
the pathogenesis of ALS. 

(Arch Neurol. 1990;47:1210-1216) 


Amyotrophic lateral sclerosis (ALS) 

is a devastating disease of un- 
known origin. Upper and lower mo- 
toneurons degenerate and result in a 
clinical syndrome of progressive weak- 
ness, culminating in respiratory fail- 
ure and death. Many different disor- 
ders have been associated with the 
clinical syndrome of ALS, but all of 
these cases together comprise only a 
small percentage of the total number 
of patients presenting with ALS. Al- 
though no single known causal factor 
presently explains the majority of 
ALS cases, recent circumstantial evi- 
dence supports the potential role of 
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autoimmune factors in ALS, with an 
increased incidence of associated au- 
toimmune disorders! and an increased 
frequency of paraproteinemias.” 

The recent development of autoim- 
mune animal models of motoneuron 
damage provides further evidence for 
the potential role of immunologic fac- 
tors in the motoneuron loss in ALS.** 
Guinea pigs immunized with bovine 
spinal motoneurons exhibit chronic 
signs of motoneuron degeneration in- 
cluding weakness, electrical and mor- 
phologic evidence of muscle denerva- 
tion, and the loss of spinal cord and 
brain-stem motoneurons.’ Immuniz- 
ing guinea pigs with the homogenate of 
the ventral horn of bovine spinal cord 
results in an acute and severe paresis 
with loss of lower and upper motoneu- 
rons accompanied by inflammatory 
foci.’ 

These experimentally induced syn- 
dromes are accompanied by the accu- 
mulation of IgG within lower moto- 
neurons in a granular cytoplasmic dis- 
tribution. In animals immunized with 
ventral horn homogenate, the IgG 
later appears around the external 
membrane of neurons. In both syn- 
dromes, IgG is also localized to the 
neuromuscular junction, and high IgG 
antibody levels against motoneurons 
are present in the serum. Further- 
more, the immunized guinea pig’s IgG 
recognized common epitopes in both 
upper and lower human motoneurons, 
indicating that certain antigenic 
structures may be shared in these two 
cells.‘ 

The presence of IgG in motoneurons 
can be detected with immunohis- 
tochemical methods in normal ani- 
mals’* and in normal human spinal 
cord motoneurons.’ Furthermore, an- 
tineuronal IgG is taken up by mam- 
malian motoneurons to a greater ex- 
tent than is normal IgG"; monoclonal 
IgA paraprotein directed to neurofila- 
ments and surface antigens of human 


neuroblastoma cells in vitro appearsin 
surviving motoneurons of patients 
with motor neuron disease.!! Antineu- 
ronal immunoglobulins have been re- 
ported by different groups!>* in the 
blood of patients with ALS; but with 
fluorescein isothiocyanate (FITC)-la- 
beled anti-human IgG, no IgG could be 
detected in motoneurons of the central 
nervous system. Our animal data 
prompted us to reexamine the issue of 
whether motoneurons of patients with 
ALS contain an increased IgG content. 


PATIENTS AND METHODS 


The tissue employed for these studies was 
obtained from 15 consecutive patients with 
ALS coming to autopsy at our institution. 
All of these patients had been carefully fol- 
lowed up in the Department of Neurology, 
Baylor College of Medicine, and The Meth- 
odist Hospital, Houston, Tex. All patients 
represented cases of sporadic onset, except 
one patient whose brother was diagnosed 
with ALS after he had died. No other rela- 
tives were known to have neuromuscular 
disease. Two patients had IgG-x monoclonal 
gammopathies. Of these 15 patients, 8 were 
men and seven were women. The ages of 
patients at onset ranged from 26 to 69 years, 
and the total length of disease from the on- 
set of symptoms until death varied from 12 
to 59 months. All patients fulfilled clinical, 
electromyographic, and muscle morpho- 


w 


logic criteria for ALS with bulbar, respira- <T 


tory, and extremity compromise. All pa- 
tients had evidence of lower motoneuron 
involvement (denervation by electrical and 
morphologic criteria) and upper motoneu- 
ron involvement (hyperactive reflexes). 
None of the 15 patients with ALS had anti- 
bodies against gangliosides. Pathologic ex- 
amination confirmed the involvement of 
upper and lower motoneurons and the di- 
agnosis of ALS. In four cases where the py- 
ramidal motoneurons were not directly ex- 
amined, indirect evidence of upper mo- 
toneuron involvement derived from 
compromise of the lateral corticospinal 
tract. Ten consecutive control subjects were 
examined. 

Three control patients had suffered from 
generalized arteriosclerosis with coronary 
artery disease, but without evidence of cen- 
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IgG Reactivity of Upper and Lower Motoneurons in Patients With ALS and Control 
Subjects * 


Length Lower 

of Moto- 
neuron 
Density neurons 


Age, y/ Disease, 


Diagnosis Sex mo 


No. of IgG- 
Positive 
Lower 
Moto- 


Upper 
Moto- 
neuron 
Density 


No. of IgG- 
Positive Upper 
Motoneurons 


Patients With ALS 


25/200 20/200 











32/200 
21/200 
13/200 


38/200 
41/200 
0/200 








10/200 12/200; 
brother 


with ALS 





16/200 $ 





17/200 + 





0/200 Not examined 





27/200 Not examined IgG « 


gammopathy 








134/200 Not examined IgG x 
gammopathy 
116/200 


0/200 


Not examined Pais 
24/200 











26/200 
20/200 
23/200 











Control Subjects 


Multiple sclerosis 


0/150 





Alzheimer’s disease 


0/200 





Parkinson's disease 


0/200 





Arteriosclerosis; 
cerebral infarct 

Arteriosclerosis; spinal 
cord infarct 





0/200 60/90¢ 





Autoimmune anemia, 
lymphoma 
Arteriosclerosis 


0/200 





Prostatic cancer 


0/200 0/200 





Coronary sclerosis 





0/200 0/200 





Cardiomyopathy 





+++ 


0/200 EFF 0/200 


* IgG was detected with 1:800 dilution of biotin-labeled IgG fraction of goat anti-human IgG and 1:800 dilution 
of avidin-peroxidase. The numerator refers to the number of positively stained cells, and the denominator the 
total number of cells examined. ALS indicates amyotrophic lateral sclerosis. One plus sign indicates severely 
reduced motoneuron cell density; two plus signs, moderately reduced motoneuron cell density; and three plus 


signs, normal motoneuron cell density. 


tThe reduced number of lower motoneurons is due to a plaque that extended into the lumbar segments of 


the spinal cord. 


lgG-positive cells surround a necrotic focus. These cells also stained positively for albumin. The number is 


0/200 in other territories. 


tral nervous system involvement. Two 
other arteriosclerotic patients had cerebral 
and spinal cord infarcts as complications of 
their diseases. Other neurological control 
subjects had suffered from multiple sclero- 
sis, parkinsonism, and Alzheimer’s disease. 
A patient who died of complications of ma- 
lignant lymphoma and autoimmune he- 
molytic anemia and a patient who died of 
prostatic cancer also served as control sub- 
jects. Spinal cords and brain tissue were 
removed within 4 to 12 hours of death. The 
cervical and lumbar enlargements, the mo- 
tor cortex, and the cerebellum were cut into 
0.5-em-thick cross sections and fixed with a 
3-day immersion in sodium phosphate 
buffer containing 4% paraformaldehyde, 
0.2% picric acid, and 0.05% gluta- 
raldehyde.’* To remove the fixative and 
prevent the formation of freezing artifacts, 
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samples were stored for the next 3 days in 
30% sucrose containing phosphate-buff- 
ered saline and were quickly frozen in 
2-methylbutane immersed in liquid nitro- 
gen. Twenty-micrometer-thick sections 
were prepared in a cryostat and mounted on 
gelatin-covered slides, air dried, and used 
for direct immunostaining. Thirty-two-mi- 
cron-thick sections were also prepared and 
incubated, free floating, with the detecting 
antibodies. 

Sections from all patients were pre- 
treated with 10% normal goat serum in 
phosphate-buffered saline to block nonspe- 
cific IgG binding sites. The sections on glass 
slides were incubated at room temperature 
for 2 hours with a 1:800 dilution of biotin- 
conjugated IgG fraction of goat anti-hu- 
man IgG in3% normal goat serum contain- 
ing phosphate-buffered saline (Cappel Re- 





search Products, Organon Teknika Corp, 
Malvern, Pa (heavy- and light-chain spe- 
cific, affinity purified). Following three 10- 
minute washes, the sections were incubated 
again for 2 hours with a 1:800 dilution of 
peroxidase-conjugated avidin (Cappel Re- 
search Products) containing 3% goat se- 
rum. After three washes, the sections were 
exposed to 1% cobalt chloride for 10 min- 
utes to enhance the intensity of the 
immunostaining.” After thorough wash- 
ing, the black reaction was developed in 
0.025% diaminobenzidine (Sigma Chemical 
Co, St Louis, Mo) and 0.016% hydrogen 
peroxide (Fisher Scientific, Fair Lawn, NJ) 
for 10 minutes.'* The sections were washed 
again, dehydrated in ethanol, cleared in xy- 
lene, mounted with Permount (Fisher Sci- 
entific), coverslipped, and examined with a 
Nikon biological microscope (Optiphot). 

The controls included simultaneous pro- 
cessing of control and ALS nervous system 
tissue sections, omitting the primary anti- 
body (anti-human IgG), or pretreating the 
primary antibody with human IgG and re- 
moving the precipitate by centrifugation. 
As an additional control, biotin-conjugated 
IgG fraction of goat anti-human IgM (Jack- 
son Immunoresearch Laboratories, West 
Grove, Pa) was used instead of anti-human 
IgG. Representative sections of strongly 
positive and negative samples for IgG 
staining were incubated with a biotin-con- 
jugated IgG fraction of goat anti-human 
IgG F(ab’), (Jackson Immunoresearch 
Laboratories). | Thirty-two-micron-thick 
sections were incubated, free floating, with 
the same dilutions of immunoreagents at 
4°C on a rocker for 8 hours in 5% normal 
goat serum (Cappel Research Products), 
3% bovine serum albumin (Sigma Chemical 
Co), and 0.05% Tween 20 (Sigma Chemical 
Co) containing phosphate-buffered saline. 
Otherwise, these sections were processed as 
above. 

As a further control, sections were pre- 
treated with a 1:100 dilution of unlabeled 
goat anti-human IgG (heavy- and light- 
chain specific; Cappel Research Products) 
prior to the incubation with biotin-conju- 
gated anti-human IgG. 

In another experiment, 32-um-thick sec- 
tions were preincubated with 10% normal 
goat serum and then incubated overnight at 
4°C with a 1:200 dilution of FITC-conju- 
gated IgG fraction of goat anti-human IgG 
(Cappel Research Co; heavy- and light- 
chain specific) in phosphate-buffered saline 
containing 5% normal goat serum, 3% bo- 
vine serum albumin, and 0.05% Tween 20 at 
4°C. After thorough washing, the sections 
were put on glass slides and mounted with 
50% glycerol in phosphate-buffered saline, 
coverslipped, and examined in a fluorescent 
microscope. As a control experiment, sec- 
tions were incubated with a 1:200 dilution of 
FITC-conjugated goat anti-human albu- 
min (Cappel Research Products) and with 
an F(ab’), fragment of FITC-conjugated 
goat anti-human IgG (Jackson Immunore- 
search Laboratories). 

Sections of spinal cord and motor cortex 
from five patients with ALS in which mac- 
rophage infiltration was found in the terri- 
tory of the destroyed pyramidal tracts and 
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Fig 1.—Left, Motoneurons stained with 1:800 dilution of goat anti-human IgG-biotin conjugate and perox- 
idase-labeled avidin in the ventral horn of the spinal cord of a patient with amyotrophic lateral sclerosis. A 
positive cell is indicated by the arrow (peroxidase reaction, X50). Right, The same dilution of the detecting 
materials does not stain the spinal motoneurons in the ventral horn of the control patient’s spinal cord. Only 
the endogenous peroxidase activity of the red blood cells in the vessels is visible (peroxidase reaction, X50). 


Fig 2.—Examples of IgG reactivity in spinal motoneurons. At left, Granular staining reaction is restricted to 
the cytoplasm in a motoneuron of a patient with amyotrophc lateral sclerosis (ALS). The arrow indicates an 
unstained neuron (peroxidase reaction, X500). Center, Coarse granular staining reaction extending to the 
dendrites is shown in the cytoplasm of a motoneuron of a patient with ALS. The arrow indicates an astro- 
cytic cell (peroxidase reaction, X500). Right, Unstained motoneurons (arrows) are shown in the spinal cord 
of a control patient. The endogenous peroxidase activity of the red blood cells is strongly positive by com- 


parison (peroxidase reaction, X500). 


from a patient with multiple sclerosis were 
pretreated with 5% normal goat serum. 
Thereafter, the sections were incubated 
overnight at 4°C, free floating, with mono- 
clonal anti-HLA DR monomorphic anti- 
body (Chemicon International, El Segundo, 
Calif) diluted 1:200 in 3% goat serum, 3% 
bovine serum albumin, and 0.05% Tween 20. 
After washing, the sections were incubated 
with a 1:200 dilution of peroxidase-conju- 
gated IgG fraction goat anti-mouse IgG 
(Cappel Research Products) in the same 
carrier solution for 2 hours. The peroxidase 
reaction was strengthened and developed as 
above. As a control, this antibody, which 
detected a monomorphic determinant of 
the HLA-DR molecule, was replaced with 
the same dilution of monoclonal antibody 
directed to human myelin basic protein 
(Chemicon International). The above-de- 
scribed immunostaining was also carried 
out on sections stained for lipids with oil 
red O” to identify the macrophages by their 
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lipid content. The oil red O staining for lip- 
ids was followed, in some cases, by immu- 
nostaining for IgG with FITC-labeled anti- 
human IgG. For calculating the number of 
positively stained neurons, randomly cho- 
sen, 32-um-thick sections of lumbar spinal 
cord and motor cortex immunostained with 
biotin-labeled anti-human IgG and perox- 
idase-conjugated avidin were evaluated. 
All of the pyramidal cells and large ventral 
horn cells were counted. The cells that 
stained black in a granular cytoplasmic 
pattern were considered positive. The cells 
that stained as lightly as the background 
(light gray) or that were filled with lipofus- 
cin (yellowish) were considered negative. 
Two hundred consecutive neurons were 
counted, and the number of positively 
stained cells are presented in the Table. In 
the lumbar enlargement present in the pa- 
tient with multiple sclerosis, the presence 
of an extended plaque precluded our count- 
ing 200 motoneurons. Representative sec- 


tions were also evaluated by an indepen- 
dent examiner. 


RESULTS 


Our initial efforts were to determine 
whether IgG reactivity was present in 
the spinal motoneurons and in the py- 
ramidal cells of patients with ALS, as 
had been demonstrated in motoneu- 
rons of guinea pigs with experimental 
autoimmune motor neuron disease.’ Of 
the 15 ALS spinal cords examined, only 
4 had adequate numbers of motoneu- 
rons; only 2 of these 4 were comparable 
with the guinea pigs with experimen- 
tal autoimmune motor neuron disease, 
with respect to the extent of motoneu- 
ron loss and the alteration of motoneu- 


ron morphologic findings. One of the’ ` 


patients had died in an early stage of 
the disease because of a pulmonary 
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Fig 3.—Example of a negative IgG-staining reaction of the spinal motoneurons (arrows) of a pa- 
tient with amyotrophic lateral sclerosis with diabetic polyneuropathy (peroxidase reaction, X200). 
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Fig 4.—IgG reactivity in the motor cortex. Panel a, Coarse granular staining reaction for IgG in the 
cytoplasm of a pyramidal cell in the brain of a patient with amyotrophic lateral sclerosis is shown 
(peroxidase reaction, X600). Panel b, Negative staining reaction for IgG in the cytoplasm of a py- 
ramidal cell (Py) in the motor cortex of a control patient is shown (peroxidase reaction, X600). 


embolus, while the other had exhibited 
severe bulbar signs with relatively 
preserved extremity function, except 
for hyperreflexia. The spinal cord of 
the other patients with ALS had fewer 
motoneurons. The relative morpho- 
logic preservation observed with cre- 
syl violet staining of the neurons was 
better in the lumbar enlargement than 
in the cervical enlargement, so sec- 


Arch Neurol—Vol 47, November 1990 


tions of the lumbar cord were used for 
counting positively immunostained 
cells. The density of pyramidal cells 
was also very low in the motor cortex, 
where few large pyramidal cells re- 
mained, but smaller pyramidal cells 
survived. Both large and small pyra- 
midal cells were counted to determine 
the proportion of positively immuno- 
stained cells. 


Immunostaining Properties of the 
Spinal Motoneurons 


A population of spinal motoneurons 
of 13 of 15 patients with ALS stained 
positively in a patchy or coarsely gran- 
ular cytoplasmic pattern using biotin- 
labeled anti-human IgG and strepta- 
vidin-labeled peroxidase. Such stain- 
ing was prominent in motoneurons 
whose morphologic structure was pre- 
served, as monitored by cresyl violet 
staining. The proportion of positively 
stained cells paralleled the proportion 
of cells with relatively preserved mor- 
phologic findings. Shrunken cells and 
cells filled with lipofuscin were not 
stained. The dendrites of the positive 
cells were also immunostained, but the 
nuclei and the external membrane 
were not (Figs 1, left, and 2, left and 
center). Two patients with ALS had a 
large population of positively stained 
neurons (>50% ) in their lumbar spinal 
cord, but the other 11 patients had just 
a small population of positively 
stained neurons (about 10% of the to- 
tal number of cells). 

In two ALS spinal cords, all mo- 
toneurons were negative for IgG. One 
of these two patients had survived by 
means of a ventilator for 33 months 
and had shrunken or globoid-shaped 
motoneurons without evidence of Nissl 
substance; however, these motoneu- 
rons were filled with lipofuscin. The 
other patient showed a moderately de- 
creased number of motoneurons, but 
there was no evidence of IgG reactivity 
in the cytoplasm (Fig 3). This patient 
suffered not only from ALS but also 
from severe diabetic polyneuropathy. 
None of the motoneurons of the control 
spinal cords stained positively for IgG 
(Figs 1, right, and 2, right). No positive 
staining was observed if the incuba- 
tion with biotin-labeled anti-human 
IgG was omitted, if the antibody was 
pretreated with human IgG and the 
precipitate removed by centrifugation, 
or if the sections were pretreated with 
unlabeled anti-human IgG. If the an- 
ti-human biotin-labeled IgG (heavy- 
and light-chain specific) was replaced 
with biotin-labeled anti-human IgG 
F(ab’), fragment-specific IgG, the 
staining intensity and distribution did 
not change. No evidence of IgM stain- 
ing could be demonstrated in the ALS 
or control spinal cords. 

Immunostaining of lower motoneu- 
rons with FITC-labeled anti-human 
IgG proved less useful than did perox- 
idase staining. The stronger back- 
ground staining of the ventral horn 
and the interference of the bright yel- 
low autofluorescence of the lipofuscin 
in the motoneurons with the green 
FITC made the evaluation more diffi- 
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cult. However, in those cells where less 
lipofuscin was found green cytoplas- 
mic staining was noted in ALS spinal 
cords. Only in one patient was the mo- 
toneuron staining in a patchy distri- 
bution. Preincubation of the tissues 
with unlabeled anti-human IgG prior 
to the incubation with FITC-labeled 
anti-human IgG significantly dimin- 
ished the cytoplasmic staining. Using 
FITC-conjugated anti-human albu- 
min instead of anti-human IgG, no 
immunostaining of motoneurons could 
be detected. Purkinje’s cells of the cer- 
ebellum were also examined, and only 
a few cells in both ALS and control 
specimens displayed positive staining 
for IgG. Even when positive, the stain- 
ing was slight and the distribution 
nongranular. 


Immunoreactivity of Pyramidal Cells 


A number of pyramidal cells in the 
motor cortices of 6 of 11 examined ALS 
samples stained positively, both with 
FITC-labeled anti-human IgG and 
with biotin-avidin peroxidase-labeled 
anti-human IgG. The peroxidase-reac- 
tion product distributed granularly or 
evenly in the cytoplasm. The nucleus 
was unstained (Fig 4, a). With FITC- 
labeled antibody, only a few cells 
(about 10% of the total number of the 
surviving cells) were stained in the 
third and fifth cortical layers of 3 ALS 
motor cortices (Figs 5, a, and 6, a). In 
3 other ALS specimens, from 20% to 
40% of the remaining pyramidal cells 
were positively stained. The positive 
staining was limited to pyramidal 
cells, and no other neurons were 
stained. Immunostaining for IgM or 
albumin was completely negative. Also 
negative was immunostaining for IgG 
when the primary antibody was omit- 
ted, when the primary antibody was 
pretreated with human IgG, or when 
sections were pretreated with unla- 
beled goat anti-human IgG. In the 
motor cortex of one of the arterioscle- 
rotic patients, positively stained neu- 
rons were found close to a necrotic 
area. The pyramidal cells stained pos- 
itively in this specimen; the other neu- 
ronal and nonneuronal (glial) cells 
contained IgG and stained positively 
for albumin. Positive staining for IgG 
was not noted in any of the other con- 
trol specimens (Figs 4, b; 5, b; and 6, b). 


immunoreactivity of Nonneuronal 
Cells 


In the central nervous system tissue 
of 12 of 15 patients with ALS, mac- 
rophages were readily identified with 
oil red O staining. They were located 
mainly in the corticospinal tracts and 
in the ventral horns. The external 


1214 Arch Neurol—Vol 47, November 1990 





Fig 5.—IgG reactivity in the motor cortex is detected with fluorescein isothiocyanate-labeled IgG 
fraction of goat anti-human IgG. Panel a, Positively stained pyramidal cells in the brain of a sub- 
ject with amyotrophic lateral sclerosis is shown (X200). Panel b, In the brain of a control subject, 
only the autofluorescence of lipofuscin (punctuate) in the cells and IgG in blood vessels are visible 


(X200). 








Fig 6.—Panel a, Positively stained pyramidal cell for IgG with fluorescein isothiocyanate-labeled 
anti-human IgG in the motor cortex of a patient with amyotrophic lateral sclerosis is shown (X 400). 
Panel b, Unstained pyramidal cell (Py) in the control motor cortex is shown (X400). 


membrane of most of these cells 
showed strong immunostaining for 
IgG, as detected with FITC-labeled 
anti-human IgG (Fig 7, a). About half 
of the total number of these phagocytic 
cells expressed a monomorphic deter- 
minant of the HLA-DR molecule on 
their surface, detected with mono- 
clonal antibody, and were thus consid- 


ered to be immunologically activated 
(Fig 7, b). They were found both in the 
corticospinal tract and in the ventral 
horn. There was no staining for albu- 
min on the surface or within these 
cells. When the anti-HLA-DR anti- 
body was replaced with a monoclonal 
antibody to human myelin basic pro- 
tein, fewer than 10% of the cells dem- 
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Fig 7.—Immunologically active macrophages in spinal cord of patient with amyotrophic lateral 
sclerosis. Panel a, IgG is detected with fluorescein isothiocyanate-labeled IgG fraction of goat 
anti-human IgG on macrophages in the corticospinal tract (X800). Panel b, Expression of a 
monomorphic determinant of HLA-DR molecule on the surface of these cells is detected with a 
monoclonal antibody (peroxidase reaction, X800). 


onstrated surface reactivity. 

Other cells in the central nervous 
system of patients with ALS, most 
probably astrocytes, also stained pos- 
itively for IgG, but to a lesser extent 
than did motoneurons or phagocytic 
cells. Astrocytic staining for IgG was 
not specific for ALS, since similar 
staining was also found in the central 
nervous system tissue of the neurolog- 
ical control patients. Astrocytic stain- 
ing was markedly positive in a plaque 
from the spinal cord of a patient with 
multiple sclerosis. 

In the ventral horns of the spinal 
cords of all of the patients with ALS, a 
diffuse fluorescence was observed that 
was clearly weaker than the positive 
motoneuron or macrophage IgG stain- 
ing. In nine cases it was restricted to 
the ventral horn, but in six cases the 
dorsal horn also showed the same in- 
tensity of fluorescence using FITC-la- 
beled anti-human IgG. In controls, 
only the spinal cord from the patient 
with multiple sclerosis displayed sim- 
ilar staining. Similar reactivity was 
also observed with biotin-avidin per- 
oxidase labeling. In the motor cortex of 
two patients with ALS, a diffuse stain 
for IgG was noted in layers three and 
five, but no positive stain was noted for 
albumin. In the brains of five patients 
with ALS, a slight perivascular IgG 
and albumin reactivity was noted. This 
reactivity was also observed in the pa- 
tient with Alzheimer’s disease and in 


Arch Neurol—Vol 47, November 1990 


the brain of one of the arteriosclerotic 
patients. Whether or not this repre- 
sents an agonal change is presently 
unclear. 


COMMENT 


The development of experimental 
autoimmune models of motor neuron 
disease in guinea pigs not only pro- 
vides circumstantial evidence for the 
participation of the immune system in 
the pathogenesis of human ALS, but 
also provides an opportunity for devel- 
oping insight into the process of mo- 
toneuron destruction. Immunoglobu- 
lins were demonstrated within the mo- 
toneuron soma of guinea pigs with 
experimental autoimmune motor neu- 
ron disease, and, although their role in 
motoneuron destruction is unclear, it 
seemed reasonable to examine ALS 
motoneurons for similar reactivity. 
Spinal motoneurons of 13 of 15 pa- 
tients with ALS exhibited the same 
patchy or coarse granular cytoplasmic 
localization of IgG as had been noted in 
experimental autoimmune motor neu- 
ron disease. The reactivity for IgG was 
more intense in patients at an earlier 
stage of disease or with relatively pre- 
served motoneuron morphologic pat- 
terns. None of the control spinal cords 
exhibited the same intensity or patchy 
distribution of endogenous IgG stain- 
ing of motoneurons. In cases of ALS, 
astrocytes were also stained, albeit 
less intensely and less specifically than 


were motoneurons, since astrocytic 
staining was also seen in all control 
spinal cords. 

Although IgG is not seen in pyrami- 
dal motoneurons in brains of guinea 
pigs with experimental autoimmune 
motor neuron disease, it is noted in 
brains of guinea pigs with experimen- 
tal autoimmune gray matter disease 
that possess destruction of both upper 
and lower motoneurons. It was found 
in the brains of 6 of 11 patients with 
ALS but not in the brains of control 
subjects. Astrocytic staining for IgG 
was also seen in the motor cortex of the 
brains of both patients with ALS and 
control subjects. 

Immunoglobulin deposition within 
the central nervous system has been 
reported previously by Donnenfeld et 
al’ to be localized to astrocytes and, 
occasionally, to oligodendroglia, but 
not to neurons. In their study, samples 
from normal control subjects had no 
astrocytic staining; but the spinal cord 
and motor cortex of control subjects 
with neurologic disease did stain pos- 
itively. In our studies, motoneurons of 
patients with ALS stained positively 
for IgG. The reasons for the differ- 
ences in the two studies are not at 
hand, but they may relate to differ- 
ences in tissue processing and detect- 
ing systems. They used 4-um sections, 
fixed the tissue with ethanol, and used 
unspecified incubation times. Further- 
more, the avidin-biotin method is more 
sensitive in detecting antigens than is 
the FITC-labeled antibody method. 

It is now well recognized that IgG 
can be detected in lower motoneurons, 
presumably reaching the cell body by 
uptake at the presynaptic terminal 
outside the blood-brain barrier and by 
subsequent retrograde transport. In 
fact, serum antisynaptosomal IgG is 
taken up by motoneurons to a greater 
extent than is control IgG.'° Under 
normal conditions, IgG has been re- 
ported in spinal motoneurons in 
animals”® and in man.’ In our study, 
positive staining could be noted even in 
the control specimens at low dilutions 
of anti-human IgG antibody. At a di- 
lution of 1:800, control motoneurons 
were negative for IgG staining, 
whereas motoneurons in 13 or 15 of the 
ALS spinal cords stained positive. Fur- 
thermore, staining for albumin with 
the same high dilutions of detecting 
antibody was negative in both control 
and ALS spinal cords. Nevertheless, 
until the spinal cords and motor cortex 
of additional patients with non-ALS 
neurological diseases are examined, 
the specificity of our findings remains 
to be confirmed. 

The presence of IgG in lower mo- 
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toneurons in ALS cannot explain sim- 
ply the IgG noted in upper motoneu- 
rons, especially since there is no evi- 
dence of transynaptic transport of IgG 
from lower to upper motoneurons. The 
presence of IgG in upper motoneurons 
in our guinea pig model experimental 
autoimmune gray matter disease was 
explained by perivascular inflamma- 
tion, breakdown of the blood-brain 
barrier, and passage of IgG from the 
systemic circulation into the brain. In 
12 of 15 ALS brains and spinal cords, 
HLA-DR-positive reactive microglia 
and/or macrophages were noted. 
These findings are similar to recent 
reports from other groups. Troost et 
al” reported the presence of cellular 
mononuclear infiltrates in pyramidal 
tracts and anterior horn cells of 38 of 
48 patients with ALS. The predomi- 
nant cell type belonged to the T-cyto- 
toxic/suppressor subset. The HLA-DR 
antigen was detected in cells that ap- 
peared to be transformed microglia 
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and macrophages. Lampson et al” also 
reported macrophages expressing 
class II major histocompatibility com- 
plex proteins in ALS but failed to de- 
tect the presence of T cells. McGeer et 
al” reported HLA-DR-positive reac- 
tive microglia in the primary motor 
cortex and in the pyramidal portion of 
the cerebral peduncle. These data col- 
lectively raise the possibility that in 
ALS the macrophages within the cen- 
tral nervous system are immunologi- 
cally activated. These inflammatory 
foci, albeit limited, may provide a 
means whereby immunoglobulins pass 
from blood to brain. Also, IgG could be 
released from destroyed lower mo- 
toneurons or enter the central nervous 
system at sites where a functioning 
blood-brain barrier is altered. 

The key question posed by our re- 
sults is whether the presence of IgG 
within motoneurons is a primary 
pathogenic event or whether it is an 
epiphenomenon and unrelated to the 
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primary pathogenesis and pathophys- 
iology. Favoring a primary role is our 
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munoglobulins, can help resolve these 
issues. 
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A CASE FOR Magnevist 


(gadopentetate 
dimeglumine 4901 mg/mL) 


INJECTION 


THE CASE: Four years after a radical mastectomy and chemotherapy treatment 
for breast carcinoma, a 63-year-old female presented with deep vein thrombosis. 
Metastatic spread to the brain had to be ruled out before anticoagulation therapy 


could be initiated. 
CT DID NOT SHOW IT CLEARLY ENOUGH 


Figure 4. Contrast CT scan shows 

a circumscribed lesion in left 
parasagittal region (arrow), consistent 
with either metastasis or meningioma 


Figure 2. Contrast CT scan through 
posterior fossa suggests punctate 
area of contrast uptake in the vermis 
(arrow) 





MRI ALONE WAS NOT DIAGNOSTIC 


Figure 3. T2-weighted (TR 2000/TE 80) Ba 
image shows area of high signal 
intensity in right frontoparietal 
region (arrow). Differential 
considerations include metastasis, 
small infarct, and demyelination 
The lesion in left parasagittal region, 
seen in Figure 4, is not visualized 


Figure 4. T2-weighted (TR 2000/TE 80) 
image through posterior fossa shows 
no abnormalities 








MAGNEVIST? NJECTON: A CRITICAL STEP 
IN DETECTING BRAIN METASTASES 


Figure 5. T1-weighted (TR 600/TE 30) 
image after MAGNEVIST® injection 
shows an enhancing lesion in left 
parasagittal region (arrow), as 

in Figure 1. The high-signal intensity 
lesion seen in Figure 3 does not 
enhance. This finding is consistent 
with chronic small-vessel ischemic 
disease, not with metastatic disease 





Figure 6. T1-weighted (TR 600/TE 30) 
enhanced image taken through 
posterior fossa shows well-delineated 
lesion in the inferior aspect of the 
vermis (arrow). Lesion was not clearly 
appreciated on unenhanced MRI 

or contrast CT studies 
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lesions than seen with either contrast- 
enhanced CT or unenhanced T2-weighted 
images‘? 


|] DETECTION OF ADDITIONAL 
LESIONS MAY ALTER THERAPY 


MAGNEVIST® injection can increase the 
radiologic suspicion of metastatic disease, 
reveal locations more favorable for 
biopsy, prompt the search for a primary 
tumor, and modify therapeutic objectives 
and methods? 
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BETTER MEDICINE THROUGH BETTER IMAGES 


Please see brief summary of preronaing information for MASGNEVIST® injection 
on last page of this advertisement 





Well tolerated? in clinical trials, the most common adverse reactions reported were headache (8.7%) 
and injection-site coldness/localized coldness (4.8%). The majority of headaches were transient and of mild 
to moderate severity. In clinical trials, 15% to 30% of patients experienced an asymptomatic transient rise in 
serum iron; hypotension occurred in less than 1% of the patients. The safety of MAGNEVIST” injection in patients 


with hemolytic disorders has not been studied. 
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BRIEF SUMMARY 


INDICATIONS AND USAGE 

MAGNEVIST® Injection is indicated for use with magnetic resonance imaging (MRI) in adults 
and children (2 years of age and older) to provide contrast enhancement in those intra- 
cranial lesions with abnormal vascularity or those thought to cause an abnormality in the 
blood-brain barrier. MAGNEVIST® ch tall has been shown to facilitate visualization of 
intracranial lesions including but not limited to tumors. 


MAGNEVIST® Injection is also indicated for use with MRI in adults and children (2 years of 
age and older) to provide contrast enhancement and facilitate visualization of lesions in 
the spine and associated tissues. There is, however, only limited clinical experience in 
children for this indication. 


CONTRAINDICATIONS 
None known. 


WARNINGS 


The accepted safety considerations and procedures that are required for magnetic 
resonance imaging are applicable when MAGNEVIST® Injection is used for contrast 
enhancement. In addition, poxypengipa sickle erythrocytes have been shown in jn vitro 
studies to align perpendicular to a magnetic field which may result in vaso-occlusive 
complications in vivo. The enhancement of magnetic moment yA gado entetate dimeglu- 
mine may pose potentiate sickle erythrocyte alignment. MAGNEVIST® Injection in 
patients with sickle cell anemia and other hemoglobinopathies has not been studied. 
Patients with other hemolytic anemias have not been adequately evaluated following 
administration of MAGNEVIST® Injection to exclude the possibility of increased hemolysis. 
Hypotension may occur in some patients after injection of 
MAGNEVIST® Injection. In clinical trials two cases were reported 
and in addition, there was one case of a vasovagal reaction and 
two cases of pallor with dizziness, sweating and nausea in one 
and substernal pain and flushing in the other. These were reported 
within 25 to 85 minutes after injection except for the vasovagal 
reaction which was described as mild by the patient and occurred 
after 6-1/2 hours. In a study in normal volunteers one subject 
experienced syncope after arising from a sitting position two hours 
after administration of the drug. Although the relationship of 
gadopentetate dimeglumine to these events is uncertain, patients 
should be observed for several hours after drug administration 


PRECAUTIONS - General 

Diagnostic procedures that involve the use of contrast agents should be carried out under 
direction of a physician with the prerequisite training and a thorough knowledge of the 
procedure to be performed. 

In a patient with a history of grand mal seizures, MAGNEVIST® Injection was reported to 
induce such a seizure. 


Since fg ape eo ere is cleared from the body by lomerular filtration, caution 
should be exercised in patients with severely impaired renal function. 


Animal studies suggest that gadopentetate dimeglumine may alter red cell membrane 
morphology resulting in a slight degree of extravascular (splenic) hemolysis. In clinical 
trials 15-30% of the patients experienced an asymptomatic transient rise in serum iron. 
Serum bilirubin levels were slightly elevated in approximately 3.4% of patients. Levels 
generally returned to baseline within 24 to 48 hours. Hematocrit and red blood cell count 
were unaffected and liver enzymes were not elevated in these patients. While the effects 
of gadopentetate dimeglumine on serum iron and bilirubin have not been associated with 
Clinical manifestations, the effect of the drug in patients with hepatic disease is not known 
and caution is therefore advised. 

When MAGNEVIST® Injection is to be injected using plastic disposable syringes, the contrast 
medium should be drawn into the syringe and used immediately. 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 


Repeat Procedures: If in the clinical judgment of the physician sequential or repeat ex- 
aminations are required, a suitable interval of time between administrations should be 
observed to allow for normal clearance of the drug from the body. 


Information for Patients: 

Patients receiving MAGNEVIST® Injection should be instructed to: 

1, Inform your physician if you are pregnant or breast feeding. 

2.inform your physician if you have anemia or any diseases that affect red blood cells. 


LABORATORY TEST FINDINGS 


Transitory changes in serum iron and bilirubin levels have been reported in patients with 
normal and abnormal liver function (See PRECAUTIONS - General). 


CARCINOGENESIS, MUTAGENESIS, AND IMPAIRMENT OF FERTILITY 


No animal studies have been performed to evaluate the carcinogenic potential of 
gadopentetate dimegiumine. 

Gadopentetate fala paddy did not evoke any evidence of mutagenic potential in the 
Ames test (histidine-dependent Salmonella typhimurium) nor in a reverse mutation assay 
using tryptophan-dependent Escherichia coll. apenas dimeglumine did not induce 
a positive response in the (C3H 1071/2) mouse embryo fibroblast cellular transformation 
assay, nor did it induce unscheduled DNA repair — in primary cultures of rat 
hepatocytes at concentrations up to 5000 ug/mL. However, the drug did show some 
evidence of mutagenic potential in vivo in the mouse dominant lethal assay at doses of 6 
mmol/kg, but did not show any such potential in the mouse and dog micronucleus tests 
at intravenous doses of 9 mmol/kg and 2.5 mmol/kg, respectively. 


The results of a reproductive study in rats showed that gadopentetate dimeglumine when 
administered in daily doses of 0.1-2.5 mmol/kg, did not cause a significant change in the 
pagnaney rate in comparison to a control group. However, suppression of body weight gain 
and food consumption and a decrease in the mean weights of testis and epididymis 
occurred in male rats at the 2.5 mmol/kg dose. In female rats a decrease in the number 
of corpora lutea at the 0.1 mmol/kg dose and the suppression of body weight gain and 
food consumption at the 2.5 mmol/kg dose were observed. 


In a separate experiment, 16 daily intravenous injections were administered to male rats. 
At a dose of 5 mmol/kg of gadopentetate dimeglumine, seorneapene cell atrophy was 
observed. This atrophy was not reversed within a 16-day observation period following the 


discontinuation of the drug. This effect was not observed at a dose of 2.5 mmol/kg. 
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PREGNANCY CATEGORY C. 

Gadopentetate dimeglumine has been shown to retard development slightly in rats when 
ge in doses 2.5 times the human dose, and in rabbits when given in doses of 7.5 and 
2.5 times the human dose. The drug did not exhibit this effect in rabbits when given in 
doses 2.5 times the human dose. No congenital anomalies were noted in either species. 
There are no adequate and well-controlled studies in pregnant women. MAGNEVIST® 
Injection should be used during pregnancy only if the potential benefit justifies the potential 
risk to the fetus. 

NURSING MOTHERS 

C14 labelled gadopentetate dimeglumine was administered intravenously to lactating rats 
at a dose of 0.5 mmol/kg. Less than 0.2% of the total dose was transferred to the neonate 
via the milk during the 24-hour evaluation period. It is not known to what extent MAGNEVIST® 
Injection is excreted in human milk. Because many drugs are excreted in human milk, 
caution should be exercised when the drug is administered to a nursing mother and 
consideration should be given to temporarily discontinuing nursing. 


PEDIATRIC USE 
ae and efficacy in children under the age of 2 years have not been established. 
(See Indications and Usage and Dosage and Administration sections). 


ADVERSE REACTIONS 

The most commonly noted adverse experience is headache with an incidence of 8.7%. The 
Majority of headaches are transient and of mild to moderate er In 42.3% of the cases 
it was felt that the headaches were not related to MAGNEVIST® Injection. Injection site 
coldness/localized coldness is the second most common adverse experience at 4.8%. 
Nausea occurs in 3.2% of the patients. 

Localized pain, vomiting, paresthesia, dizziness and localized 
warmth occur in less than 2% of the patients. 

The following additional adverse events occur in less than 1% 
of the patients: 

Body as a Whole: Injection site symptoms, namely, pain, warmth, 
burning; localized burning sensation, substernal chest pain, fever, 
weakness, generalized coldness, localized edema, tiredness, 
chest tightness, regional lymphangitis. 

Cardiovascular: Hypotension, vasodilation, pallor, non-specific 
ECG changes, angina pectoris, phlebitis. 

Digestive: Gastrointestinal distress, stomach pain, teeth pain, 
increased salivation. 

Nervous System: Agitation, thirst, convulsions (including grand mal). 


espirat System: Throat irritation, rhinorrhea, sneezing, dyspnea, wheezing, laryngismus, 
coug 


Skin: Rash, sweating, pruritus, urticaria (hives). 

Special Senses: Tinnitus, conjunctivitis, visual field defect, taste abnormality, dry mouth, 
lacrimation disorder (tearing), eye irritation. 

Laboratory: Transient elevation of serum transaminases. 

The following other adverse events were reported. A causal relationship has neither been 
established nor refuted. 

Body as a Whole: Back pain, pain, generalized warmth. 

Cardiovascular: Hypertension, tachycardia, migraine, syncope. 

Digestive: Constipation, diarrhea. 

Nervous System: Anxiety, anorexia, nystagmus, drowsiness, diplopia, stupor. 

Skin: Facial edema, erythema multiforme. epidermal necrolysis. 

Special Senses: Eye pain, ear pain. 

Data from foreign studies did not reveal any additional adverse experiences. 


OVERDOSAGE 


The LDso of intravenously administered gadopentetate cimeguming injection in mice is 
5-12.5 mmol/kg and in rats it is 1015 mmol/kg. The LDso o' intravenously administered 
MAGNEVIST® Injection in dogs is greater than 6 mmol/kg. 


Clinical consequences of overdose with MAGNEVIST® Injection have not been reported. 


DOSAGE AND ADMINISTRATION 


The recommended dosage of MAGNEVIST® Injection is 0.2 mL/kg (0.1 mmol/kg), 
administered intravenously, at a rate not to exceed 10 mL per minute. More rapid injection 
rates may be associated with nausea. The maximum total dose is 20 mL. Any unused 
portion must be discarded. 


DOSAGE CHART 


Weight Dose in 
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To ensure complete injection of the contrast medium, the injection should be followed by 
a 5-mL normal saline flush. The imaging procedure should be completed within 1 hour of 
injection of MAGNEVIST® Injection. 


Parenteral products should be inspected visually for particulate matter and discoloration 
prior to administration, whenever solution and container permit. 


For full prescribing information, see package insert. 
Caution: Federal Law Prohibits Dispensing Without Prescription. 
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Variable Expressivity in Familial Restless Legs Syndrome 


Arthur S. Walters, MD; Daniel Picchietti, MD; Wayne Hening, MD, PhD; Alice Lazzarini, MS 


@ A 62-year-old man with a 20-year his- 
tory of excessive daytime somnolence 
and kicking during sleep was an obligate 
carrier of the restless legs syndrome gene 
because his paternal grandfather, father, 
and all three of his children had symptoms 
of restless legs syndrome. The patient 
himself, however, denied motor restless- 
ness after a careful and exhaustive medi- 
cal history and he was originally believed 
to have periodic movements in sleep with- 
out restless legs. Close clinical observa- 
tion did reveal nighttime motor restless- 
ness, although the patient continued to 
deny its importance. Polysomnography 
showed frequent periodic movements in 
sleep. We conclude that there can be vari- 
able expressivity of the clinical features in 
familial restless legs syndrome and that 
there are probably some relatively non- 
restless patients with prominent periodic 
movements in sleep who are carriers of the 
restless legs syndrome gene. Some sleep- 
disordered patients who are believed to 
have only periodic movements in sleep 
may have a forme fruste of autosomal 
dominant restless legs syndrome. If one 
does not examine these patients carefully 
at night and take an adequate family his- 
tory, one may miss the diagnosis of rest- 
less legs syndrome. 

(Arch Neurol. 1990;47:1219-1220) 


Restless legs syndrome (RLS) pre- 

sents a diagnostic dilemma to cli- 
nicians because, in primary RLS, the 
neurological examination is normal. 
In addition, the symptoms and associ- 
ated movement disorder in RLS occur 
primarily at night. When signs and 
symptoms of RLS do appear during the 
day, they appear only after prolonged 
sitting or lying.'* Uncomfortable sen- 
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sations in the legs known as paresthe- 
sias usually occur at night in patients 
with idiopathic autosomal dominant 
RLS. The paresthesias have been de- 
scribed by patients as cramping, ach- 
ing, painful, burning, creeping, crawl- 
ing, tingling, or pins and needles, and 
they are sometimes indescribable.'* 
The paresthesias lead to an urge to 
move that becomes more persistent as 
patients attempt to lie still. To relieve 
these sensations patients restlessly 
and sleeplessly pace the floor, stretch 
their legs, rub their feet, do deep knee 
bends, take baths, rock back and forth 
in a chair, intermittently shift their 
weight from one foot to another while 
standing, or toss and turn in bed.'* 
Sometimes the arms are involved in 
RLS as well.'? Symptoms may begin in 
childhood or adulthood, but most se- 
verely affected patients are middle to 
older age. When the more severely af- 
fected patients lie down to go to sleep, 
hundreds of rapid myoclonic flexion 
jerks of the hips, knees, and ankles 
during wakefulness may delay sleep 
onset.'?* The myoclonus occurs either 
periodically or aperiodically. This my- 
oclonus is the opposite of action myo- 
clonus in that it is present when a pa- 
tient is lying still, but it disappears 
when the patient voluntarily moves or 
ambulates.'? Sometimes the jerking 
movements during wakefulness are 
slower than true myoclonus.'* Repeti- 
tive flexion of the hips, knees, and an- 
kles during sleep known as periodic 
movements in sleep (PMS) occur in 
most patients with idiopathic familial 
RLS and these sometimes awaken the 
patient.'** They form a continuum 
with the myoclonus while awake and 
they may number in the hundreds. Pe- 
riodic movements in sleep typically 
recur at regular intervals of between 
20 and 40 seconds during stages 1 and 
2 of non-rapid eye movement sleep and 
they are usually between 1.5 and 2.5 
seconds in duration.'** They are there- 
fore too slow in speed to be truly con- 
sidered myoclonic.'** Periodic move- 
ments in sleep also occur with second- 
ary forms of motor restlessness such 
as uremic RLS*’ and neuroleptic-in- 
duced akathisia‘® as well as in nonfa- 
milial medical conditions where motor 
restlessness is lacking.** In addition, 
PMS occur in 6% of the normal 
population.2 We present an unusual 
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RLS family in which an obligate car- 
rier for the RLS gene gave no history 
suggestive of motor restlessness. Poly- 
somnography revealed frequent PMS. 
This family has not been presented 
previously. 


REPORT OF A CASE 


A 62-year-old man said that his wife had 
complained to him for 20 years that he was 
a loud snorer, that he stopped breathing 
temporarily while asleep, and that he 
kicked her when he was asleep. He would 
frequently take naps when relaxing in the 
early evening or on weekends. Despite a 
careful and exhaustive medical history he 
denied symptoms of motor restlessness 
such as floor pacing or tossing and turning 
in bed during wakefulness; he was origi- 
nally believed to have PMS without restless 
legs. Only after repetitive questioning over 
several months did he admit to having mild 
nighttime paresthesias in the legs. He was 
a college graduate and remained active asa 
newspaper executive. Although he was tak- 
ing medications for other medical prob- 
lems, none of the medications nor the med- 
ical problems were known to have an asso- 
ciation with motor restlessness or PMS. 
Family members were questioned about the 
symptoms of RLS using motor restlessness 
aggravated by nightfall as minimal criteria 
for the diagnosis of RLS. His paternal 
grandfather, father, all three of his chil- 
dren, as well as additional relatives had a 
history of leg paresthesias and motor rest- 
lessness that were worse at night and in re- 
pose (Figure). They were therefore diag- 
nosed as having RLS. In addition, these 
relatives historically had various combina- 
tions of symptoms suggestive of sleep dis- 
turbance, resting leg myoclonus during 
wakefulness, and PMS. The pattern of in- 
heritance was autosomal dominant. There 
was no history of RLS in his wife’s family. 

Polysomnography included monitoring 
of an electroencephalogram, nasal and oral 
air flow, chest movement, oxygen satura- 
tion, and leg movements with electro- 
myogram.’ Polysomnography revealed 60.9 
PMS per hour of sleep. Thirty-eight PMS 
per hour of sleep were associated with par- 
tial arousals, whereas 1.6 PMS per hour of 
sleep were associated with full arousals. It 
was found that he had only nine brief non- 
desaturating apneic episodes unrelated to 
his 341 PMS. Total sleep time was 5.6 hours. 
Sleep efficiency was 81% with 16% REM 
sleep, 5% stage 3 sleep, and no stage 4 sleep. 
On close observation by a clinician experi- 
enced in sleep disorders it was discovered 
that at night the patient would move one leg 
or both legs asynchronously when he was 
awake and either seated or lying. The pa- 
tient was also noted to stretch one or both 
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A five-generation family with restless leg syndrome (RLS). The proband is a 62-year-old man with 
a history of excessive daytime drowsiness, snoring, and kicking movements during sleep. No 
symptoms suggestive of paresthesias or motor restlessness could be elicited from the patient, al- 
though his paternal grandfather, father, and all three of his children had these symptoms. Poly- 
somnography revealed periodic movements in sleep. Open circles indicate unaffected female; solid 
circles, RLS affected female; open squares, unaffected male; solid squares, RLS affected male; 
slashed circles and squares, no longer living; and numbers, current ages given in years. 


legs. These involuntary movements were 
believed to represent motor restlessness, 
although the patient denied the importance 
of these dyskinesias. No floor pacing was 
observed. The patient opted not to be 
treated. The final diagnosis was RLS. 


COMMENT 


This patient, an obligate carrier of 
the RLS gene, only admitted to mild 
nighttime leg paresthesias after re- 
peated questioning over several 
months. Paresthesias are the usual 
antecedent to motor restlessness in 
RLS. The patient also denied motor 
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restlessness, but he did have some 
signs of motor restlessness. Polysom- 
nography revealed PMS. This suggests 
that if patients with sleep disorders 
are not closely monitored for motor 
restlessness at night, the diagnosis of 
RLS may be missed. There is, in fact, 
probably a misdiagnosed subgroup of 
relatively nonrestless patients with 
prominent PMS who are carriers of the 
RLS gene. We conjecture that this is 
true not only because motor restless- 
ness can be mild in the proband, but 
because a family history of RLS may 
be missed if the clinician talks only to 
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the proband. The clinician must often 
talk to the patient’s relatives directly 
about the symptoms of RLS.'? In our 
experience this is true because (1) the 
diagnosis of RLS in the relative may 
have been missed and passed off as a 
nonspecific sleep complaint; (2) the 
symptoms of RLS are sometimes mild 
in the relative; (3) the symptoms of 
RLS are sometimes late in onset in the 
relative; and (4) relatives who for 
many years have lived across the coun- 
try from each other are not likely to 
communicate spontaneously about 
symptoms that are nondiagnosed, 
mild, or later in onset. In this light we 
suggest that some sleep disordered 
“PMS alone” patients have a forme 
fruste of autosomal dominant RLS. 
Given the fact that PMS exist in as 
much as 6% of the “normal” popula- 
tion, it would not be surprising that a 
significant number of such persons 
would have a forme fruste of RLS. We 
suggest that not only should such pa- 
tients be observed closely at night for 
signs of RLS, but that their relatives 
should be thoroughly questioned about 
the symptoms of RLS as well. Restless 
legs syndrome responds to various 
medications including levodopa,'° 
dopamine agonists," benzodiazepines,” 
and opioids.'*'> Supportive of the no- 
tion that RLS and PMS are part of the 
same condition is the observation that 
patients who have only PMS respond 
to some of the same medications 
as patients with RLS, eg, benzo- 
diazepines? and opioids." A restriction 
fragment length polymorphism anal- 
ysis is being carried out on this family 
to locate the putative RLS gene. De- 
finitive proof that our patient carries 
the RLS gene will await this analysis. 
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Patients suffering two or more migraines 
per month, or especially severe migraine 
attacks, may need more than abortive 
therapy. 


Prevention Abortive Agents 
Can’t Provide 


INDERAL® LA significantly reduces 
the frequency and severity of common- 
migraine headaches. 


Effective, well-tolerated migraine 
prevention is usually achieved with 
160 to 240 mg once daily. 


INDERAL* LA. The only 
once-daily agent indicated for 
long-term migraine prevention. 


Evaluate it for yourself. 


LONG ACTING 


(PROPRANOLOL HCl) S88 con 
Stop migraine 
before it starts! 


Protect Your Rx: Indicate 
“Do Not Substitute” 











Please see next page for brief summary of prescribing information 


INDERAL LA should not be used in the presence of congestive heart failure, sinus 
bradycardia, cardiogenic shock, heart block greater than first degree, and bronchial 
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LONG ACTING 
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INDERAL 
(PROPRANOLOL HCI) 
Stop migraine before it starts! 





BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
INDERAL® LA brand of propranolol hydrochloride (Long Acting Capsules) 


DESCRIPTION. INDERAL LA is formulated to provide a sustained release of propranolol 
hydrochloride. INDERAL LA is available as 60 mg, 80 mg, 120 mg, and 160 mg capsules. 


CLINICAL PHARMACOLOGY. INDERAL is a nonselective, beta-adrenergic receptor-blocking 
agent possessing no other autonomic nervous system activity. It specifically competes with 
beta-adrenergic receptor-stimulating agents for available receptor sites. When access to beta- 
receptor sites is blocked by INDERAL, the chronotropic, inotropic, and vasodilator responses to 
beta-adrenergic stimulation are decreased proportionately. 

INDERAL LA Capsules (60, 80,120, and 160 mg) release propranolol HCI at a controlled and 
predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours, 
and the apparent plasma half-life is about 10 hours. When measured at steady state over a 24- 
hour period the areas under the propranolol plasma concentration-time curve (AUCs) for the 
capsules are approximately 60% to 65% of the AUCs for a comparable divided daily dose of 
INDERAL Tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
propranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
hour period, blood levels are fairly constant for about twelve (12) hours, then decline 
exponentially. 

INDERAL LA should not be considered a simple mg-for-mg substitute for conventional 
propranolol and the blood levels achieved do not match (are lower than) those of two to four 
times daily dosing with the same dose. When changing to INDERAL LA from conventional 
propranolol, a possible need for retitration upwards should be considered, especially to 
maintain effectiveness at the end of the dosing interval. In most clinical settings, however, 
such as hypertension or angina where there is little correlation between plasma levels and 
clinical effect, INDERAL LA has been therapeutically equivalent to the same mg dose of 
conventional INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour 
exercise responses of heart rate, systolic pressure, and rate pressure product. INDERAL LA 
can provide effective beta blockade for a 24-hour period. 


INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the management of 
hypertension; it may be used alone or used in combination with other antihypertensive agents, 
particularly a thiazide diuretic. INDERAL LA is not indicated in the management of hypertensive 
emergencies. 

Angina Pectoris Due to Coronary Atherosclerosis: INDERAL LA is indicated for the long- 
term management of patients with angina pectoris. 

Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache. The 
efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use. 

Hypertrophic Subaortic Stenosis: INDERAL LA is useful in the management of hypertrophic 
subaortic stenosis, especially for treatment of exertional or other stress-induced angina,, 
palpitations, and syncope. INDERAL LA also improves exercise performance. The effectiveness 
of propranolol hydrochloride in this disease appears to be due to a reduction of the elevated 
outflow pressure gradient, which is exacerbated by beta-receptor stimulation. Clinical 
improvement may be temporary. 


CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
bradycardia and greater than first-degree block; 3) bronchial asthma; 4) congestive heart failure 
(see WARNINGS), unless the failure is secondary to a tachyarrhythmia treatable with INDERAL. 


WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component 
supporting circulatory function in patients with congestive heart failure, and its inhibition by beta 
blockade may precipitate more severe failure. Although beta blockers should be avoided in 
overt congestive heart failure, if necessary, they can be used with close follow-up in patients 
with a history of failure who are well compensated and are receiving digitalis and diuretics. Beta- 
adrenergic blocking agents do not abolish the inotropic action of digitalis on heart muscle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response observed 
closely, or INDERAL should be discontinued (gradually, if possible). 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinuance of INDERAL is planned, the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
cautioned against interruption or cessation of therapy without the physician's advice. If 


INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advisable 
to reinstitute INDERAL therapy and take other measures appropriate for the management 
of unstable angina pectoris. Since coronary artery disease may be unrecognized, it may 
be prudent to follow the above advice in patients considered at risk of having occult 
atherosclerotic heart disease who are given propranolol for other indications. 





Nonallergic Bronchospasm (eg, chronic bronchitis, emphysema)}—PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA BLOCKERS 
INDERAL should be administered with caution since it may block bronchodilation produced by 
endogenous and exogenous catecholamine stimulation of beta receptors. 

MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy prior 
to major surgery is controversial. It should be noted, however, that the impaired ability of the 
heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia and 
surgical procedures. 

INDERAL, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its 
effects can be reversed by administration of such agents, eg, dobutamine or isoproterenol. 
However, such patients may be subject to protracted severe hypotension. Difficulty in starting 
and maintaining the heartbeat has also been reported with beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta blockers should be used with caution in diabetic 
patients if a beta-blocking agent is required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and sweating may not be significantly 
affected. Following insulin-induced hypoglycemia, propranolol may cause a delay in the 
recovery of blood glucose to normal levels. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
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Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms of 
hyperthyroidism, including thyroid storm. Propranolol may change thyroid-function tests, 
increasing T4 and reverse T3, and decreasing T3. 

IN PATIENTS WITH WOLFF-PARKINSON- WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker. In one case, this resulted after an initial dose of 5 mg 
propranolol. 


PRECAUTIONS. GENERAL: Propranolol should be used with caution in patients with impaired 
hepatic or renal function. INDERAL is not indicated for the treatment of hypertensive 
emergencies. 

Beta-adrenoreceptor blockade can cause reduction of intraocular pressure. Patients should be 
told that INDERAL may interfere with the glaucoma screening test. Withdrawal may lead to a 
return of increased intraocular pressure. 

CLINICAL LABORATORY TESTS: Elevated blood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reserpine 
should be closely observed if INDERAL (propranolol HCl) is administered. The added 
catecholamine-blocking action may produce an excessive reduction of resting sympathetic 
nervous activity which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, 
or orthostatic hypotension. 

Caution should be exercised when patients receiving a beta blocker are administered a 
calcium-channel-blocking drug, especially intravenous verapamil, for both agents may depress 
myocardial contractility or atrioventricular conduction. On rare occasions, the concomitant 
intravenous use of a beta blocker and verapamil has resulted in serious adverse reactions, 
especially in patients with severe cardiomyopathy, congestive heart failure or recent myocardial 
infarction. 

Aluminum hydroxide gel greatly reduces intestinal absorption of propranolol. 

Ethanol slows the rate of absorption of propranolol. 

Phenytoin, phenobarbitone, and rifampin accelerate propranolol clearance. 

Chlorpromazine, when used concomitantly with propranolol, results in increased plasma levels 
of both drugs. 

Antipyrine and lidocaine have reduced clearance when used concomitantly with propranolol. 
Thyroxine may result in a lower than expected T3 concentration when used concomitantly with 
propranolol. 

Cimetidine decreases the hepatic metabolism of propranolol, delaying elimination and 
increasing blood levels. 

Theophylline clearance is reduced when used concomitantly with propranolol. 

CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Long-term studies in 
animals have been conducted to evaluate toxic effects and carcinogenic potential. In 18-month 
studies, in both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of 
significant drug-induced toxicity. There were no drug-related tumorigenic effects at any of the 
dosage levels. Reproductive studies in animals did not show any impairment of fertility that was 
attributable to the drug. 

PREGNANCY: Pregnancy Category C: INDERAL has been shown to be embryotoxic in 
animal studies at doses about 10 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should be 
used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 

NURSING MOTHERS: INDERAL is excreted in human milk. Caution should be exercised 
when INDERAL is acministered to a nursing woman. 

PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS. Most adverse effects have been mild and transient and have rarely 
required the withdrawal of therapy. 

Cardiovascular: Bradycardia; congestive heart failure; intensification of AV block; hypotension; 
paresthesia of hands; thrombocytopenic purpura; arterial insufficiency, usually of the Raynaud 
type. 

Central Nervous System: Light-headedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; vivid dreams; an acute reversible syndrome characterized by 
disorientation for time and place, short-term memory loss, emotional lability, slightly clouded 
sensorium, and decreased performance on neuropsychometrics. For immediate formulations, 
fatigue, lethargy, and vivid dreams appear dose related. 

Gastrointestinal: Nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: Pharyngitis and agranulocytosis, erythematous rash, fever combined with aching and 
sore throat, laryngospasm, and respiratory distress. 

Respiratory: Bronchospasm. 

Hematologic: Agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic purpura. 

Auto-Immune: In extremely rare instances, systemic lupus erythematosus has been reported. 

Miscellaneous: Alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impotence, 
and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions involving the 
skin, serous membranes, and conjunctivae reported for a beta blocker (practolol) have not been 
associated with propranolol. 


DOSAGE AND ADMINISTRATION: INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
Tablets to INDERAL LA Capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg-for-mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary, especially to maintain effectiveness at the end of the 24-hour dosing interval. 

HYPERTENSION-Dosage must be individualized. The usual initial dosage is 80 mg INDERAL 
LA once daily, whether used alone or added to a diuretic. The dosage may be increased to 120 
mg once daily or higher until adequate blood pressure control is achieved. The usual 
maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 mg may 
be required. The time needed for full hypertensive response to a given dosage is variable and 
may range from a few days to several weeks. 

ANGINA PECTORIS—Dosage must be individualized. Starting with 80 mg INDERAL LA once 
daily, dosage should be gradually increased at three- to seven-day intervals until optimal 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimal dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

If treatment is to be discontinued, reduce dosage gradually over a period of a few weeks (see 
WARNINGS). 

MIGRAINE-Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA once 
daily. The usual effective dose range is 160-240 mg once daily. The dosage may be increased 
gradually to achieve optimal migraine prophylaxis. If a satisfactory response is not obtained 
within four to six weeks after reaching the maximal dose, INDERAL LA therapy should be 
discontinued. It may be advisable to withdraw the drug gradually over a period of several weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS-—80-160 mg INDERAL LA once daily. s 

PEDIATRIC DOSAGE-At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. 
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Long-term Effect of Dopaminergic Drugs in Restless Legs 


A 2-Year Follow-up 


Christian von Scheele, MD, Viktor Kempi, PhD, MD 


@ Thirty patients with restless legs syn- 
drome, who initially had all responded well 
to treatment with levodopa and benser- 
azide, were studied as to the long-term 
effect of the drugs (at least 2 years). Dur- 
ing the 2-year period, two patients were 
switched from levodopa to bromocriptine. 
Two patients no longer needed levodopa; 
one of them had developed paraplegia and 
in the other the symptoms of restless legs 
syndrome had disappeared completely. 
The remaining 26 patients continued to 
use levodopa. Eight patients maintained 
the original dose, nine had to use an 
increased dose, and nine found a de- 
creased dose to be sufficient. The only 
side effect was transient nausea reported 
by two of the 30 patients. The study 
showed that the relief of symptoms of 
restless legs syndrome by dopaminergic 
drugs does not wear off with the passage 
of time, that side effects are minimal even 
with long-term use, and that the dose 
needed to obtain relief may increase as 
well as decrease. 

(Arch Neurol. 1990;47:1223-1224) 


The prevalence of the restless legs 

syndrome (RLS) has been reported 
to be as high as 5% in a Swedish 
population.! Its salient features were 
delineated by Ekbom. After the orig- 
inal article by Akpinar,’ a number of 
studies performed more or less under 
trial conditions have shown that 
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dopaminergic drugs lead to relief of 
symptoms.** 

What is not known, however, is 
whether the relief of symptoms de- 
scribed in these short-term studies is 
transient or permanent. Nor is it 
known whether an increase in dosage 
will be necessary with the passage of 
time or whether long-term use of 
dopaminergic drugs will lead to unde- 
sired side effects. 

To obtain an answer to these ques- 
tions we reviewed our results in pa- 


tients with RLS treated with dopa- 
minergic drugs for a period of at least 
2 years. 


PATIENTS AND METHODS 


Thirty-six patients with RLS were seen 
in our outpatient clinic. Six of them failed 
to respond to levodopa and benserazide, 
while 30 initially responded with relief of 
symptoms. These 30 patients were followed 
up for at least 2 years. There were 15 women 
(aged 36 to 83 years; median, 60 years) and 
15 males (aged 10 to 81 years; median, 59 
years). All of them had suffered from RLS 
for many years (range, 2 to 58 years; me- 
dian, 27 years). In seven patients the symp- 
toms had started when they were in their 
teens. 

The diagnosis of RLS was based on a 
crawling, creeping discomfort deep in the 
thighs or calves when at rest and on relief 
of the discomfort by movement. Such dis- 
comfort was present in all patients, while 
results of the neurologic examinations were 
normal and none of the patients was treated 
with phenothiazines or antihistamines. 

Initially, levodopa and benserazide (dose 
range, 50 to 250 mg; median, 100 mg) were 
used. The patients were regularly seen at 
the outpatient clinic and after at least 2 
years they were interviewed about treat- 
ment effect. 


Statistical analysis was performed with 
two-tailed nonparametric tests, as de- 
scribed by Siegel, using software from 
SPSS/PC+, Chicago, IIl.!° 


RESULTS 


Thirty patients initially responded 
favorably to treatment with levodopa. 
Twenty-six of them maintained the 
treatment during a 2-year period. Two 
patients reported a loss of effect after 
1 month of treatment, but they did well 
when switched from levodopa to bro- 
mocriptine. Two patients no longer 
needed levodopa. In one of the patients 
the symptoms had disappeared com- 
pletely and the other had become para- 
plegic after a traffic accident. If the 
patient with paraplegia was omitted, 
28 of 29 patients continued to use a 
dopaminergic drug (28 vs one gives 
P < .0001 with the binomial test). 
Eight of the 26 patients still receiving 
levodopa maintained the original dose 
(range, 50 to 250 mg; median, 100 mg), 
while nine had to use an increased 
dose (range, 100 to 600 mg; median, 
250 mg) and nine were symptom free 
while taking a decreased dose. Two 
patients reported transient nausea as 
a side effect. One of the patients took 
250 mg of levodopa daily, while the 
other used 100 mg of the drug when 
needed. 

The pretreatment duration of sleep 
reported by the 28 patients treated for 
2 years with dopaminergic drugs 
ranged from 2 to 10 hours with a me- 
dian of 5 hours. After 2 years of treat- 
ment, 22 patients still reported im- 
proved sleep as to duration (range of 
additional hours, 1 to 5; median, 2 
hours; P < .001) and 17 reported a re- 
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duced number of awakenings (range, 1 
to 5; median, 2; P < .001). No change in 
duration was noted by six patients, 
while no change in the number of 
awakenings was reported by 11 pa- 
tients. None reported impaired sleep. 


COMMENT 


This study summarizes the long- 
term results with dopaminergic drugs 
in a relatively large group of patients 
with RLS. 

A rapid loss of treatment effect was 
seen in only two patients. These two 
patients, however, did well while re- 
ceiving bromocriptine. 

Nine patients reported an impaired 
effect of levodopa and had to increase 
the dose to maintain the effect. The 
loss of effect of treatment is not wholly 
unexpected. Just as in Parkinson’s dis- 
ease it is impossible to say whether the 
decrease in drug effectiveness is due to 
a diminished receptor sensitivity or to 
progress of the disease. The most dra- 
matic example of rapidly decreasing 
effect of levodopa among the patients 
studied was a 60-year-old woman. Be- 
fore treatment she slept about 4 hours 
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and awakened four to six times every 
night. Initially, she responded well to 
treatment. With levodopa (100 mg at 
bedtime) her sleep increased by 1 to 2 
hours and she awakened only three 
times a night. However, in the course 
of 1 month, the dose had to be in- 
creased to 600 mg every night to main- 
tain the drug’s effect, notably without 
side effects. 

On the other hand, there were also 
nine patients in whom the dose could 
be decreased. Thus it seems that a 
considerable number of patients, all 
fulfilling the main criteria for RLS, 
have a benign disease variant charac- 
terized by decreasing symptoms. In 
one patient the symptoms disap- 
peared completely and treatment with 
levodopa was therefore discontinued. 
To our knowledge, this benign variant 
is not mentioned in the literature. Ap- 
parently, RLS varies not only as to the 
severity of its symptoms, but also as to 
its course, which includes the possibil- 
ity of remission. 

In the great majority of our patients 
with RLS (30 of 36 cases), there was an 
initial response to dopaminergic drugs 
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that was maintained in 28 of 29 pa- 
tients during the 2-year follow-up. A 
placebo effect seems unlikely for the 
following reasons. First, in the trials 
run so far levodopa and placebo were 
administered in capsules*’ to exclude 
recognition by taste or smell. The re- 
sults of these trials were unequivocal. 
Second, at least three studies with 
polysomnographic records of patients 
with RLS have been published.”"? In 
all three studies a reduction of periodic 
movements was registered during 
treatment with dopaminergic drugs. 

The results of this study confirm 
that dopaminergic drugs are the first 
treatment alternative for RLS. They 
show that treatment tends to remain 
effective during at least 2 years, ie, the 
relief of symptoms is permanent. They 
further show that treatment remains 
effective without serious side effects. 
Finally, the dose needed to obtain re- 
lief may increase or decrease with the 
passage of time. 
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Transderm Scop” 


scopolamine 
(formerly Transderm-V) 


Transdermal Therapeutic System 


Programmed delivery in vivo of 0.5 mg of 
scopolamine over 3 days 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
Transderm Sc6p is indicated for prevention of nausea and 
vomiting associated with motion sickness in adults. The disc 
should be applied only to skin in the postauricular area. 
Clinical Results: Transderm Scop provides antiemetic pro- 
tection within several hours following application of the disc 
behind the ear. In 195 adult subjects of different racial origins 
who participated in clinical efficacy studies at sea or ina 
controlled motion environment, there was a 75% reduction in 
the incidence of motion-induced nausea and vomiting. 
Transderm Scop provided significantly greater protection than 
that obtained with oral dimenhydrinate. 


CONTRAINDICATIONS 

Transderm Scop should not be used in patients with known 
hypersensitivity to scopolamine or any of the components of 
the adhesive matrix making up the therapeutic system, or in 
patients with glaucoma. 


WARNINGS 
Transderm Scōp should not be used in children and should be 
used with special caution in the elderly. See PRECAUTIONS. 
Since drowsiness, disorientation, and confusion may occur 
with the use of scopolamine, patients should be warned of the 
possibility and cautioned against engaging in activities that 
require mental alertness, such as driving a motor vehicle or 
operating dangerous machinery. 
Potentially alarming idiosyncratic reactions may occur with 
ordinary therapeutic doses of scopolamine. 


PRECAUTIONS 

General 

Scopolamine should be used with caution in patients with 
pyloric obstruction, or urinary bladder neck obstruction. 
Caution should be exercised when administering an antiemetic 
or antimuscarinic drug to patients suspected of having 
intestinal obstruction. 

Transderm Sc6p should be used with special caution in the 
elderly or in individuals with impaired metabolic, liver, or kidney 
functions, because of the increased likelihood of CNS effects. 
Information for Patients 
Since scopolamine can cause temporary dilation of the pupils 
and blurred vision if it comes in contact with the eyes, patients 
should be strongly advised to wash their hands thoroughly with 
soap and water immediately after handling the disc. 

Patients should be advised to remove the disc immediately 
and contact a physician in the unlikely event that they experi- 
ence symptoms of acute narrow-angle glaucoma (pain in and 
teddening of the eyes accompanied by dilated pupils). 

Patients should be warned against driving a motor vehicle or 
operating dangerous machinery. A patient brochure is available. 
Drug Interactions 
Scopolamine should be used with care in patients taking 
drugs, including alcohol, capable of causing CNS effects. Spe- 
cial attention should be given to drugs having anticholinergic 
properties, e.g., belladonna alkaloids, antihistamines (including 
meclizine), and antidepressants. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term studies in animals have been performed to 
evaluate carcinogenic potential. Fertility studies were per- 
formed in female rats and revealed no evidence of impaired 
fertility or harm to the fetus due to scopolamine hydrobromide 
administered by daily subcutaneous injection. In the highest- 
dose group (plasma level approximately 500 times the level 
achieved in humans using a transdermal system), reduced 
maternal body weights were observed. 

Pregnancy Category C 

Teratogenic studies were performed in pregnant rats and 
rabbits with scopolamine hydrobromide administered by daily 
intravenous injection. No adverse effects were recorded in the 
rats. In the rabbits, the highest dose (plasma level approxi- 
mately 100 times the level achieved in humans using a 
transdermal system) of drug administered had a marginal 
embryotoxic effect. Transderm Scop should be used during 
pregnancy only if the anticipated benefit justifies the potential 
risk to the fetus. 

Nursing Mothers 

It is not known whether scopolamine is excreted in human milk. 
Because many drugs are excreted in human milk, caution 
should be exercised when Transderm Scōp is administered to 
a nursing woman. 

Pediatric Use 

Children are particularly susceptible to the side effects of 
belladonna alkaloids. Transderm Scop should not be used in 
children because it is not known whether this system will 
release an amount of scopolamine that could produce serious 
adverse effects in children. 
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ADVERSE REACTIONS 

The most frequent adverse reaction to Transderm Scop is 
dryness of the mouth. This occurs in about two thirds of the 
people. A less frequent adverse reaction is drowsiness, which 
occurs in less than one sixth of the people. Transient impairment 
of eye accommodation, including blurred vision and dilation of 
the pupils, is also observed. 

The following adverse reactions have also been reported on 
infrequent occasions during the use of Transderm Sedp: 
disorientation; memory disturbances: dizziness; restlessness; 
hallucinations; confusion; difficulty urinating; rashes and 
erythema; acute narrow-angle glaucoma; and dry, itchy, or red 
eyes. 

Drug Withdrawal: Symptoms including dizziness, nausea, 
vomiting, headache and disturbances of equilibrium have been 
reported in a few patients following discontinuation of the use 
of the Transderm Scdp system. These symptoms have 
occurred most often in patients who have used the systems for 
more than three days. 


OVERDOSAGE 

Overdosage with scopolamine may cause disorientation, 
memory disturbances, dizziness, restlessness, hallucinations, 
or confusion. Should these symptoms occur, the Transderm 
Scdp disc should be immediately removed. Appropriate 
parasympathomimetic therapy should be initiated if these 
symptoms are severe. 


DOSAGE AND ADMINISTRATION 

Initiation of Therapy: One Transderm Scop disc (programmed 
to deliver 0.5 mg of scopolamine over 3 days) should be 
applied to the hairless area behind one ear at least 4 hours 
before the antiemetic effect is required. Only one disc should 
be worn at any time. 

Handling: After the disc is applied on dry skin behind the 
ear, the hands should be washed thoroughly with soap and 
water and dried. Upon removal of the disc, it should be 
discarded, and the hands and application site washed thor- 
oughly with soap and water and dried, to prevent any traces of 
scopolamine from coming into direct contact with the eyes. (A 
patient brochure is available.) 

Continuation of Therapy: Should tne disc become displaced, 
it should be discarded, and a fresh one placed on the hairless 
area behind the other ear. If therapy is required for longer than 
3 days, the first disc should be discarded, and a fresh one 
placed on the hairless area behind the other ear. 


The system should be stored between 59°-86°F (15°-30°C). 


CAUTION 
Federal law prohibits dispensing without prescription. 
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Here’s how 

For physicians: The AMA/NCVS sets 
up and maintains a permanent portfolio 
of verified information that can be used 
as the physician applies for licensure or 
privileges. The physician no longer 
needs to start from scratch each time 
an application is made. 


For hospitals/boards: The AMA/NCVS 
provides a summary report of core 
credentials that have been verified witk 
primary sources. And for the core 
credentials it collects, the AMA/NCVS 
satisfies current standards defined in 
the Joint Commission Accreditation 
Manual for Hospitals for primary source 
verification. The credentials verifier no 
longer needs to reverify all information. 


The result 

It's called a win-win situation and, 
best of all, it's operated by the most 
experienced provider of physician 
information: the American Medical 
Association. 








For information on the Service, 
contact your co-sponsoring Medical 
Society office or call the AMA at 

1-800-677-NCVS. 


The AMA/NCVS — it means 
greater efficiency... 
quality assured. 










American Medical Association 


NCYVS 


National 
Physician 

Credentials 
Verification 
Service” 





pe 


Asthma and Eczema in Children Born 
to Women With Migraine 


T. C. Chen, PhD, A. Leviton, MD 


@ Migraine and asthma have been re- 
ported to occur in the same person more 
commonly than would be expected if they 
are independent. The large Collaborative 
Perinatal Project provided an opportunity 
to see if children born to women with mi- 
graine or with the group of disorders char- 
acterized by asthma and/or allergies were 
more likely to manifest asthma or eczema 
in the first 7 years of life. Among children 
whose mothers had neither migraine nor 
asthma/allergies, 3.2% had asthma. Of 
children whose mothers had migraine, but 
not asthma/allergies, more than 6% had 
asthma. The risk of asthma among chil- 
dren born to women who had both mi- 
graine and asthma/allergies was greater 
than the risk associated with each mater- 
nal disease. The risk of eczema in children 
was not appreciably influenced by the 
mother’s propensity to migraine or asth- 
ma/allergies. The results of this first study 
of migraine in one generation and asthma 
in the next lead to the conclusion that the 
two disorders are probably related. 

(Arch Neurol. 1990;47:1227-1230) 


Some authors have reported or pos- 
tulated a possible association be- 
tween migraine and various allergic 
and hypersensitivity disorders." A 
number of epidemiologic and clinical 
studies, however, have not confirmed 
the relationship between migraine and 
allergic diseases such as asthma and 
eczema.*’ This may, in part, reflect the 
small sample sizes of some of these 
studies and a reliance of data collected 
retrospectively. 
The wealth of data obtained during 
a large prospective study that re- 
cruited pregnant women and followed 
up their children until age 7 years pro- 
vided an opportunity to evaluate 
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whether children are at increased risk 
of asthma or eczema if their mothers 
had migraine. 


SUBJECTS AND METHODS 
Subjects 


The subjects of this study were drawn 
from the 40079 singleton babies born to 
women who enrolled in the Collaborative 
Perinatal Project (NCPP) of the National 
Institute of Neurological Disorders and 
Stroke and who were followed up until age 
7 years.” Many of their mothers acknowl- 
edged headaches not diagnosed as mi- 
graine. A proportion of these women with 
recurring headaches during pregnancy may 
have had undiagnosed migraine. To avoid 
problems of misclassification, the sample 
was restricted to those children whose 
mothers had either unquestioned migraine 
or no headaches. To assess racial differ- 
ences the sample was further restricted to 
whites and blacks. This eliminated 8% of 
the sample. The sample was also restricted 
to the first pregnancy registered in the 
NCPP of eligible women. The resulting 2510 
mother-child pairs were divided into four 
groups. 

Group 1 included 1765 children (826 
whites and 939 blacks) whose mothers did 
not have a history of migraine headache, 
did not use headache medicine during the 
12-month interval before pregnancy and 
had no headache during pregnancy, nor had 
they a history of either bronchial asthma or 
allergies. 

Group 2 was composed of 404 children 
(213 whites and 191 blacks) whose mothers 
did not have a history of migraine head- 
ache, did not use headache medicine during 
the 12-month interval before pregnancy 
and had no headache during pregnancy, but 
had bronchial asthma and/or allergies be- 
fore or during pregnancy. 

Group 3 included 238 children (176 whites 
and 62 blacks) whose mothers did have a 
history of migraine headache before or 
during pregnancy, but not a history of 
bronchial asthma or allergies. 

Group 4 had 103 children (71 whites and 
32 blacks) whose mothers had a history of 
both migraine headache and bronchial 
asthma and/or allergies before or during 
pregnancy. 


Data Collected 


Migraine headache was recorded and 
coded based on physician’s or intern’s in- 


terview of the gravida. The diagnosis of 
migraine made by the physician was in 
keeping with the Ad-hoc Committee classi- 
fication system of headache." Review of a 
sample of physician’s notes documented 
that women classified as having a history of 
migraine did satisfy criteria for common or 
classic migraine. 

A mother was classified as having 
asthma if she had a medical history of 
known asthma or experienced bronchial 
asthma during the pregnancy. Similarly, a 
mother was listed as having allergies other 
than drug sensitivity if this information 
was obtained and recorded by the physi- 
cians. 

Children were seen for follow-up at ages 
4 months, 12 months, 24 months, and 7 
years. A group of pediatricians and child 
neurologists reviewed and summarized all 
the recorded health and disease informa- 
tion for each child through the age of 7 
years. The data about hypersensitivity and 
infectious diseases and other related infor- 
mation used in this study were extracted 
from that summarized data file. 


Statistical Method 


Log linear models of categorical data 
analysis using the weighted least-square 
procedure’? were employed to test the null 
hypotheses: (1) children born to mi- 
graineurs do not differ in their risk of 
asthma or eczema from children born to 
women without headaches; (2) the risk of 
asthma or eczema is not greater among 
children whose mothers have both mi- 
graine and asthma/allergies than among 
children whose mothers have either one of 
these diseases. A four-factor categorical 
model was chosen for the analysis of each 
set of data, which contained the categories 
of a dependent variable (ie, occurrence of 
asthma in the child), two maternal disease 
factors, namely, migraine and asthma/al- 
lergies, and an additional factor relating to 
some demographic characteristic of mother 
or child, such as maternal age, or race and 
sex of the child, or relating to respiratory 
infections and eczema in the child. A 
method with sample variance-based 
weighting was employed to estimate rela- 
tive risks (RR) and corresponding confi- 
dence limits (CL)." 


RESULTS 


In both races the distribution of ages 
differed between mothers with mi- 
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graine and those without headaches. 
Women with headaches tended to be 
older than women without headache 
(Table 1). Among whites, for example, 
women 20 years of age or less repre- 
sented 31.4% of those who were head- 
ache free and only 20.6% of those with 
migraine. Among blacks this age dif- 
ference was more prominent among 
women 20 years old or less constituting 
48.3% of those without headache and 
26.6% of migraineurs. In the analyses 
that follow, we have considered the 
mother’s age during pregnancy. 

The children of mothers who had a 
history of either migraine or asthma/ 
allergies or both (groups 2, 3, or 4) had 
consistently higher incidences of bron- 
chial asthma than the children of 
mothers who were headache free and 
had no history of asthma/allergies 
(group 1) (Table 2). 

The incidence of bronchial asthma 
in the children of mothers who had a 
history of migraine, with or without a 
history of asthma/allergies (groups 3 
and 4), was significantly higher than in 
the children whose mothers were 
headache free (groups 1 and 2) (line 1, 
Table 2; x? [df = 1] = 7.7 from Table 3). 
The incidence of bronchial asthma in 
the children of mothers who had a his- 
tory of asthma/allergies, with or with- 
out a history of migraine (groups 2 and 
4), was also significantly higher than 
in the children whose mothers did not 
have a history of asthma/allergies 
(groups 1 and 3) (line 1, Table 2; x’ 
[df = 1] = 9.3 from Table 3). Although 
children of mothers who had both mi- 
graine and asthma/allergies were 
more likely to be asthmatic than were 
children whose mothers had either one 
of those conditions, the interaction be- 
tween maternal migraine and mater- 
nal asthma/allergies did not achieve 
nominal statistical significance (line 1, 
Table 2; x? [df = 1] = .04 from Table 3). 

Boys had significantly higher inci- 
dence of bronchial asthma than did 
girls. Children who had eczema or res- 
piratory infections had significantly 
higher incidence of bronchial asthma 
than those who did not. Although the 
risk of asthma appeared to be influ- 
enced individually by maternal mi- 
graine, maternal asthma/allergies, 
and the child’s history of eczema, no 
interactive increase in risk was seen in 
children who had eczema and whose 
mother had migraine or asthma/aller- 
gies. A similar situation was seen with 
maternal migraine or asthma/aller- 
gies and the child’s history of respira- 
tory infections. 

The risk of bronchial asthma in 
children whose mothers had a history 
of migraine was almost twice the risk 


1228 Arch Neurol—Vol 47, November 1990 







White 


Migraine 


Age, y (n = 247) 


Table 1.—Age Distributions of the Groups of Mothers by Race and 
History of Headache 
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31-35 10.5 9.7 





11.7 8.6 





36-40 6.1 


4.5 





3.2 5.2 








>40 2.0 


1.1 











Median age 24.3 


22.5 





23.8 


Table 2.—Percent of Children With Bronchial Asthma Calculated Separately Among 
Subsets Classified by Maternal History of Headache and Asthma/ Allergies and by 
Other Factors of the Children 


Mother With Disease History of 


—_——_—_—_—_—_—_—_— 


Headache 


Headache Migraine, 














With 
Asthma/ 
Allergy, 
Group 4 

(n = 103) 


Free, No 
Asthma/ 
Allergy, 
Group 1 
(n = 1765) 


Migraine, 
No Asthma/ 
Allergy, 
Group 3 
(n = 238) 


Free, With 
Asthma/ 
Allergy, 
Group 2 

(n = 404) 


Sample 
1 Total’ 





3.23 (1765) 6.30 (238) 6.68 (404) 11.60 (103) 








2 Subsamples 
A Age of mother 
during pregnancy 


<20 y* (690) 


(181) 





21-30° (800) 


(166) 





>30 y* (275) 


(57) 





B Race of child 


White * (826) 


(213) 





Black (939) 





(191) 





C Sex of child 


Male* (892) 


(183) 





Female* (873) 


(221) 





D Children with eczema 
None* (1705) 


(384) 








With eczema (60) 


(20) 





E Children with 
respiratory infections 


None* 2.81 (1461) 


6.13 





5.03 (318) 





With respiratory 


infections” 5.26 (304) 


in children whose mothers were head- 
ache free (RR = 1.8, 95% CL = 1.2, 2.8). 
Boys were approximately twice as 
likely as girls to have bronchial 
asthma (RR = 1.9, 95% CL = 1.3, 2.8). 
For children whose mothers had a his- 
tory of asthma/allergies, the risk of 
bronchial asthma was double the risk 
in children whose mothers did not 
have a history of asthma/allergies 
(RR = 2.1, 95% CL = 1.4, 3.1). By sepa- 
rating the data of maternal history of 
asthma from the data of the pooled 
asthma/allergies groups, the risk of 
bronchial asthma in children whose 
mothers had a history of asthma (with 


6.67 


12.80 (86) 
* Overall statistical x? test of four mother-child groups, df = 3, is significant at P < .05 level. 


15.80 (38) 





or without allergies) was estimated as 
more than three times the risk in chil- 
dren whose mothers did not have a 
history of asthma (RR=3.5, 95% 
CL = 2.2, 5.8). For those children 
whose mothers had a history of aller- 
gies alone, the risk of bronchial 
asthma was marginally greater than 
the risk in children whose mothers did 
not have a history of allergy (RR = 1.5, 
95% CL = 1.0, 2.4). 

The age of onset of the diseases of 


1a 


bronchial asthma, eczema, and respi- a 


ratory infections were not in the NCPP 
data set. Therefore, a clearly defined 
risk of the occurrence of bronchial 
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Table 3.—Results of Statistical Analyses of the Data of Bronchial Asthma in Children 
Presented in Table 2* 
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Asthma / allergies X respiratory infections 


* Not significant (NS) P > .05 for table value of x°, df = 1. 


+Because the main effects and interaction of maternal migraine and asthma/ allergies are virtually identical 
in data sets (Table 2, A through Table 2, E) to those in data set (Table 2, line 1), they are not presented re- 


peatedly. 








Variable en df P Remarkt 

Migraine, mother 7.70 1 <.01 Statistical analysis based 

Asthma/allergies, mother 926: Tie <0 } on data in Table 2 (1) 

Migraine X asthma / allergies, mother 0.04 1 NS 

», Age, mother 1.12 2 NS \ Statistical analysis based 
Migraine X age, mother 1.33 2 NS on data in Table 2, A 
Asthma/allergies X age, mother 1.79 2 NS 

Race of child 0.22 1 NS } Statistical analysis based 
Migraine X race 1.16 1 NS on data in Table 2, B 
Asthma / allergies X race 2.04 1 NS 

Sex of child TADE 04 Statistical analysis based 
Migraine X sex 0.05 1 NS on data in Table 2, C 
Asthma / allergies X sex 0.56 1 NS } 

Eczema in children 14.2 1 <.01 Statistical analysis based 
Migraine X eczema 0.19 1 NS on data in Table 2, D 
Asthma / allergies X eczema 0.01 1 NS } 

Respiratory infections in children 5.86 1 Statistical analysis based 

Migraine X respiratory infections 1.05 1 on data in Table 2, E 
1 


Table 4.—Percent of Children With Bronchial Asthma Calculated Separately Among 
Subsets Classified by Maternal History of Headache and Asthma/ Allergies and by 
Maternal Smoking Recorded at the Time of Childbearing 


Headache 
Free, No 
Asthma/ 
Allergy, 
Group 1 
(n = 1765) 
Maternal — 
Smoking (n) 


Mother With Disease History of 


a ere eR OOOO 


Migraine, 
No 
Asthma/ 
Allergy, 
Group 3 
(n = 238) 
aa 
% (n) 


Headache 
Free With 
Asthma/ 
Allergy, 
Group 2 
(n = 404) 
n 


% (n) 


Migraine 
With 
Asthma/ 
Allergy, 
Group 4 
(n = 103) 





None (920) 


6.18 (97) 


6.93 (202) 





<20 Cigarettes 
per day (605) 


6.58 (76) 


7.43 (148) 





>20 Cigarettes (240) 


6.15 (65) 


3.70 (54) 





Table 5.—Percent of Children With Infantile or Childhood Eczema Calculated 
Separately Among Subsets Classified by Maternal History of Headache and 


Asthma/Allergies and by the Race and Sex of Children 


Headache 
Free, No 
Asthma/ 
Allergy, 
Group 1 


(n = 1765) 
=_—o“S 


Sample % (n) 


Mother With Disease History of 


eRe eee O_O OOO eee 


Migraine, 
No 
Asthma/ 
Allergy, 
Group 3 
(n = 238) 
ro 
% (n) 


Headache 

Free, With 
Asthma/ 
Allergy, 
Group 2 

(n = 404) 

eee" 
% (n) 


Migraine, 
With 
Asthma/ 
Allergy, 
Group 4 
(n = 103) 





Total 3.40 (1765) 


4.62 (238) 





Subsamples 
Race of child 
White (826) 


(176) 





Black (939) 


Sex of child 
Male (892) 





(62) 


4.95 (404) 


2.91 (103) 





(213) 


(71) 





(191) 





(131) 


(183) 





Female (873) 
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(107) 


(221) 





asthma relative to the preexistence or 
coexistence of eczema or respiratory 
infections could not be estimated. 

Maternal smoking was associated 
with an increased risk of asthma only 
in those children born to women who 
had both asthma/allergies and mi- 
graine (Table 4). The log linear model 
of asthma risk in the child was not im- 
proved with the addition of a variable 
for maternal cigarette smoking, nor 
with interaction terms incorporating a 
cigarette smoking variable. 

The incidence of eczema did not vary 
significantly among the four groups of 
children whose mothers did or did not 
have a history of migraine or of asth- 
ma/allergies (Table 5). The incidence 
of eczema was not associated with ma- 
ternal history of migraine or with ma- 
ternal history of asthma/allergies. 
Also, the occurrence of eczema did not 
vary appreciably between sexes or be- 
tween races of children. 


COMMENT 


“Reported association between two 
or more different diseases may, if ac- 
curate, provide valuable clues to the 
diagnostician and help generate pro- 
ductive hypotheses for research into 
etiologic and pathophysiologic fac- 
tors.”™ The association of asthma and 
migraine has, and can continue to, 
generate such hypotheses. 

Support for a common mechanism 
comes from observations that drugs 
helpful to one disorder can be help- 
ful to the other. These include xan- 
thines'*"” and calcium-channel block- 
ers.'*” On the other hand, treatment of 
one disorder can increase the proba- 
bility of the other. For example, 6- 
adrenergic blockers given for migraine 
prophylaxis can “unmask” previously 
inapparent asthma. Similarly, bron- 
chodilators (some of which are £8- 
adrenergics) given for asthma prophy- 
laxis have increased the probability of 
headache and nausea.”*”’ 

In the NCPP, women with migraine 
were at increased risk of asthma, but 
apparently only in those who smoked.” 
Asthmalike symptoms do occur more 
commonly than expected in smokers” 
and their children,” and pregnant 
women with migraine are more likely 
to smoke than their headache-free 
peers.” Thus, in the NCPP, at least, the 
association between migraine and 
asthma in the mother and asthma in 
the child might, in part, be due to 
effects of cigarette smoking.*'** 

In one study, 60% of adults with as- 
pirin-sensitive asthma had migraine, 
while only 13% of asthmatics without 
aspirin sensitivity had migraine.” 
This suggests that the migraine/ 
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asthma relationship is confined to one 
asthma subgroup, thereby underscor- 
ing the heterogeneity of asthma. The 
restriction of an asthma/migraine re- 
lation to aspirin-sensitive asthmatics 
has provided support for the hypothe- 
sis that the basic defect may be in 
arachidonic acid metabolism. The 
NCPP data set did not allow division of 
asthmatics into those who were and 
those who were not sensitive to aspi- 
rin. 

Additional support for a postulation 
of genetic linkage comes from reports 
that both migraine and asthma are as- 
sociated with some specific HLAs.*** 
These specific HLAs may be consid- 
ered as markers of the genetic predis- 
position on which various environmen- 
tal factors (such as active or passive 
smoking, drug medication) can be su- 
perimposed, and even interact. The 
finding described herein of an associa- 
tion between migraine in one genera- 
tion and asthma in the next speaks 
strongly for a genetic link between the 
two disorders. 

A number of limitations of this 
study might restrict the inferences 
that can be drawn from it. First, the 
migraineurs in the sample might not 
be representative of all women of 
childbearing age who have migraine. 
This possibility is considered because 
the prevalence of migraine in other 
samples of young women tends to be in 
the 15% to 25% range,” whereas less 
than 2% of women in the NCPP study 
were classified as having migraine. 
Perhaps the most symptomatic women 
in the NCPP study only were listed as 
having this disorder. 

Second, classifying women as hav- 
ing asthma and/or allergies is obvi- 
ously suboptimal because not all 
asthma has an obvious allergic basis, 
and many people with allergies do not 
have asthma. The main reason for 
combining women with either was to 
evaluate to what extent maternal mi- 
graine and not associated diseases in- 
creased a child’s risk of asthma. 
Asthma and allergies were not only 
the most likely candidate “associated” 
diseases, but they are closely linked.***! 
Combining women with either of these 
diseases provided the largest sample 
possible for stratification of data. 

Third, ascertainment bias might 
have resulted in relative overreporting 
of asthma in the children of mi- 
graineurs. Some children with a tran- 
sient episode or two of wheezing may 
not be diagnosed as asthmatic. Mi- 
graineurs, with their tendency to score 
high on scales of anxiety and 
hypochondriasis**? may have a lower 
threshold for repeatedly bringing 
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their children to medical attention. 

The strengths of this study probably 
outweigh the weaknesses. Selection 
bias has been avoided. The women 
were selected not for any disease but, 
rather, were included in this study be- 
cause they sought prenatal care at a 
participating medical center and 
agreed to have their children followed 
up until age 7 years. To our knowledge, 
this is also the largest sample of its 
kind. 

Children appear to be at increased 
risk of asthma if their mothers have a 
history of migraine or asthma. Expla- 
nations that link mother’s and child’s 
illnesses should probably include a 
heritable component. 
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EEG and EVOKED POTENTIALS: 
INTRAOPERATIVE AND ICU MONITORING 





January 3-6, 1991 
. The Buena Vista Palace 
4$ Buena Vista, Florida 

In Walt Disney World Village 











Course Directors: Betty L. Grundy, M.D., Michael E. Mahla, M.D. and 


William A. Friedman, M.D. 

FACULTY: Philip G. Boysen, M.D. 
Fred Bauman, R. EEG/R. EP T. 
Geraldine M. Chadwick, M.A. 
Gian E. Chatrian, M.D. 
Jasper Daube, M.D. 


Edward J. Hammond, Ph.D. 
Christopher F. James, M.D. 
Steven A. Reid, M.D. 
Frank W. Sharbrough, M.D. 
Kathryn A. Toney, B.S. 


Salvatore R. Goodwin, M.D. 


Learn all YOU need to know about EEG and Evoked Potential Mon- 
itoring 

A distinguished faculty will present indications methods, and inter- 
pretation techniques for EEG and evoked potential monitoring. Par- 
ticipants will be divided into small groups for a more personal, 
hands-on approach, using a wide variety of EEG and evoked potential 
systems. 

Course tuition is $500 ($550 after November 30, 1990). Cancellation 
of registration by written notification only prior to December 1, 1990. 
There is a $50 cancellation fee. This program has been approved for 
25 hours in Category | of the Physicians Recognition Award of the 
American Medical Association. 

For complete information contact Mrs. Carolyn Schoenau, Program 
Coordinator, Anesthesiology Alumni Association of Florida, Inc., Post 
Office Box 13417, Gainesville, Florida 32604 (Area code 904 
392-8959). 


Screen; | 
nng Mammography i 
Guidelines 
Women with no Symptoms 
Age: | 
35-39 Basetine 


i 
40-49 Every 12years | 
S60 &up Every year 
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What will you tell her about 
screening mammography? 


Many of your patients will hear about screening mam- 
mography through a program launched by the American 
Cancer Society and the American College of Radiology, and 
they may come to you with questions. What will you tell them? 

We hope you'll encourage them to have a screening 
mammogram, because that, along with your regular breast 
examinations and their monthly self examinations, offers the 
best chance of early detection of breast cancer, a disease which 
will strike one woman in 10 

f you have questions about breast cancer detection for 
asymptomatic women, please contact us 


AMERICAN Professional Ed Dept. GAARA American 1891 Preston White Dr 
Sen podem Aaaa alc College of Reston, Virginia 2209 
New York, New York é Radiology 3) 648-89 
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The Osler Institute 


Neurology Boards Review Course | 
January 6-11, 1991 — Los Angeles f- 
March 17-22, 1991 — Houston í 

Now, a special course for your written and oral board exams. 


OBJECTIVES: 


e Increase basic science knowledge and clinical skills in neurology 


e Assist neurology residents to study efficiently 
e Prepare board candidates to take board examinations 


eè Provide practicing neurologists with a review and update 





Part II Course: 
Jan. 6-11 — Los Angeles 
Jan. 10-12 — Los Angeles 


The Part II Course is 
designed to prepare board 
candidates for their oral 
exam. The January 6-11, 
1991, course in Los Angeles 
will be for both written and 
oral exams. Lectures and 
mock oral exams will be 
held each day. 

The three day course will be 
mock oral exams on differen- 
tial diagnosis, treatment 
options, and complications. 
Following each exam the 
faculty will give a critique 
and answer questions. 
Each participant will have an 
exam and critique session 
and observation of other ses- 
sions. Additional 25 minute 
sessions may be arranged 
for $70 and private sessions 
may be had for anextra $30. 


TOPICS 
Seizures and Epilepsy 
Dementia and Alzheimer’s 
Cerebrovascular Diseases 
Multiple Sclerosis 
Demyelinative Diseases 
Parkinson’s Disease 
Movement Disorders 
Metabolic & Toxic Diseases 
Infectious Diseases 
Tumors and Trauma 
Neuromuscular Disorders 
Pediatric Neurology 


Name 


Part I or II Course: 


Basic Sciences 
Neuroanatomy 
Neuropathology 
Neurochemistry 
Neurophysiology 
Neuropharmacology 
Neuroimmunology 
Neurogenetics 


Clinical Sciences 
Neuroimaging 
Neuro-otology 
Neuro-ophthalmology 
Neuroendocrinology 
Psychiatry 

Alcohol & Substance Abuse 
Neuropharmacology 


Sensation & Behavior 
Headache and Pain 
Higher Cortical Function 
Movement Disorders 
Seizures and Epilepsy 
Delirium and Confusion 
Stupor and Coma 
Dementia and Alzheimer’s 


Neurologic Diseases 
Infectious Diseases 
Stroke & C.S.F, Disorders 
Tumors and Trauma 
Spinal Cord and Disc 
Demyelinative Diseases 
Multiple Sclerosis 
Metabolic & Toxic Diseases 
Nutrional Deficiency 
Parkinson’s Dieases 
Developmental Disorders 
Sleep Disorders 


Limited Enrollment: Neurology Boards Review Registration 


METHODS: 


e HOME STUDY MATERIALS with questions and answers 


based on previous examinations 
e SEMINAR with projection slides and syllabus 
e PRACTICE EXAMS with oral and written parts 


January 6-11 — Los Angeles 
March 17-22 — Houston 


Neuromuscular & Child 
Neuropathies 

Myopathies 
Neuromuscular Junction 
Neonatal Neurology 
Pediatric Neurology 


Optional Day 

January 12 — Los Angeles 
March 16 — Houston 
Skull Base Surgery 
Cerebropontine Angle 
Craniovascular Surgery 
Pituitary Surgery 

Spinal Surgery 
Neuroanesthesiology 
Surgical Critical Care 


January Faculty 
Robert Baloh, M.D. 


Ulrich Batzdorf, M.D. 
Louis Bozzetti, M.D. 


Christopher DeGiorgio, M.D. 


Steve Feldon, M.D. 

Victor Henderson, M.D. 
Ronald C. Kim, M.D. 
Warwick Peacock, M.D. 
Gary Steinberg, M.D., Ph.D. 
Ron Tintner, M.D. 

Stanley vanden Noort, M.D. 
M. Anthony Verity, M.D. 
Franklin Wagner, M.D. 
Viaenir Zelman, M.D., Ph.D. 





Address 





City/State/Zip 
Phone 
‘NS ‘Today to: 
” 41094 Dawn Lane, Dept. 
© £0. Box 218 
ë fenre Haute, IN 47802 


a e E 





or: [_] Jan. 6-11, 1991 — Los Angeles 
[C] March 17-22, 1991 — Houston 


11 


L] Check enclosed for 
[C] Please send more information. 


“Accommodations were comfortable...” * 


GOALS AND LOCATION: The Part I 
Course consists of lectures and evening mock 
oral exams to help you prepare for your 
written and oral exams. The Part II Course is 4 
all mock oral exams for three days before and 
usually in the same city as each oral exam. 
The course hotel will be the best available 
mix of bargain rates and excellent study 
environment. 


“ „and those little extras...” * 


LOWEST AIR FARES: Reliable Travel 
offers you the lowest air fare — often below 
super-saver rates. Please call toll-free 
1-800-548-8185 for our special group 
discounts. 


“remarkably complete and pleasant” * + 

PLACEMENT SERVICE: For a practice 

opportunity, write or call 1-800-356-7537. 

“the most education for the money.” * 

FEES FOR 10 HOURS PER DAY: 

© Neurologists or Residents Nrol. Res. 

e Part I or II Course (six days) $750 $500 _ 
Repeating within 3 years: $375 $37) ` 

e Optional Day $150 $1 

è Part II Course (three days) $480 se 
Repeating within 3 years: $240 yy 


Add 10% within 10 days of the course. 
Attendees not in course hotel add $20/day. « 4 
A deposit of $50 will reserve yourposition. 
Home study materials will be mailed after 

half of the registration fee is received. 


“home study material was extremely helpful.” * 


REFUNDS: Subject to a $50 fee, refunds 
will be made up until the seminar begins. 

e Cancellations after mailing home study 
material requires retention of half the fee. 


“I feel [the course] helped me pass...” * 


| 

| 

| 

| 

| 

| INFORMATION: 

| Joseph H. Selliken, Jr, M.D. =f 
| The Osler Institute 

| 1094 Dawn Lane, P.O. Box 2218 
| Terre Haute, IN 47802 

| 

| 


(800) 356-7537 or (812) 299-5658 


Se iieii IļiiiIiiIiMiiIiIiiIiiIiIiiIiiIiiIiAiIiiIiiIiMiIiMiIiMIiMIiMiIiiIiĖIiĖ —l| *Comments by past Osler participants 
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Tegretol® 


carbamazepine USP 
Chewable Tablets of 100 mg—red-speckled, pink Tablets of 200 mg—pink 


WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOSIS HAVE BEEN REPORTED IN ASSOCI- 
ATION WITH THE USE OF TEGRETOL. DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
TIONS IS 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION. HOWEVER, 
THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU- 
LATION IS LOW, APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL. DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME. HOWEVER, THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI- 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND APLAS- 
TIC ANEMIA. THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES OB- 
SERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO SIGNAL 
THE OCCURRENCE OF EITHER ABNORMALITY NONETHELESS. COMPLETE PRE- 
TREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A BASELINE 
if A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR DECREASED 
WHITE BLOOD CELL OR PLATELET COUNTS. THE PATIENT SHOULD BE 
MONITORED CLOSELY DISCONTINUATION OF THE DRUG SHOULD BE CON- 
SIDERED IF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
DEVELOPS 





Before prescribing Tegretol, the physician should be thoroughly familiar with the 
details of this prescribing information, particularly regarding use with other drugs, 
especially those which accentuate toxicity potential. 


DESCRIPTION 
Tegretol, carbamazepine USP. ıs an anticonvulsant and specific analgesic for trigeminal 
neuralgia, available as chewable tablets of 100 mg and tablets of 200 mg for oral 
administration. Its chemical name is SH-dibenz|b.f]azepine-5-carboxamide. and its struc- 
tural formula is 


N 


| 
CONH; 
Carbamazepine USP is a white to off-white powder, practically insoluble in water and 

‘soluble in alcohol and in acetone. Its molecular weight is 236.27 
Inactive Ingredients. Colloidal silicon dioxide, FD&C Red No. 3 (chewable tablets only), 
FD&C Red No 40 (200-mg tablets only). flavoring (chewable tablets only), gelatin 
Qlycerin, magnesium stearate, sodium starch glycolate (chewabie tablets oniy). starch 
Stearic acid, and sucrose (chewable tablets only) 


CLINICAL PHARMACOLOGY 
In controlled clinical trials, Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures, as well as trigeminal neuralgia. 

It has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures It appears to act by reducing polysynaptic responses and 
blocking the post-tetanic potentiation. Tegretol greatly reduces or abolishes pain induced 
by stimulation of the intraorbital nerve in cats and rats. It depresses thalamic potential and 
bulbar and polysynaptic reflexes. including the linguomandibular reflex in cats. Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to control the pain of 
trigeminal neuralgia The mechanism of action remains unknown. 

Tegretol tablets are adequately absorbed atter oral administration at a slower rate thana 
solution, thus avoiding undesirably high peak concentrations Tegretol chewable tablets 
may produce higher peak levels than the same dose given as regular tablets. Tegretol in 
blood is 76% bound to plasma proteins. Plasma levels of Tegretol are variable and may 
range from 0.5-25 ug/ml, with no apparent relationship to the daily intake of the drug 
Usual adult therapeutic levels are between 4 and 12 ug/ml Following oral administration, 
serum levels peak at 4 to 5 hours. The CSF/serum ratio is 0.22. similar to the 22% 
unbound Tegretol in serum. Because Tegretol may induce its own metabolism. the half-life 
is also vanable. Inital half-life values range from 25-65 hours, with 12-17 hours on 
repeated doses Tegretol is metabolized in the liver. After oral administration of 14C-carba- 
Mazepine, 72% of the administered radioactivity was found in the urine and 28% in the 
feces This urinary radioactivity was composed largely ot hydroxylated and conjugated 
Metabolites, with only 3% of unchanged Tegretol. Transplacental passage of Tegretol is 
rapid (30 to 60 minutes), and the drug 1s accumulated in fetal tissues, with higher levels 
found in liver and kidney than in brain and lungs 


INDICATIONS AND USAGE 
Epilepsy: Tegretol is indicated for use as an anticonvulsant drug Evidence supporting 
efficacy of Tegretol as an anticonvulsant was derived trom active drug-controlled studies 
that enrolled patients with the following seizure types: 
1 Partial seizures with complex symptomatology (psychomotor. temporal lobe). Patients 
with these seizures appear to show greater improvement than those with other types 
2 Generalized tonic-clonic seizures (grand mal) 
3. Mixed seizure patterns which include the above, or other partial or generalized 
seizures 

Absence seizures (petit mal) do not appear to be controlled by Tegretol (see PRECAU- 
TIONS. General) 
Trigeminal Neuralgia: Tegretol is indicated in the treatment of the pain associated with 
true trigeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug is not a simple anaigesic and should not be used tor the rebet of tnvial aches or 
pains 
CONTRAINDICATIONS 
Tegretol should not be used in patients with a history of previous bone marrow depression 
hypersensitivity to the drug. or known sensitivity to any of the tricyclic compounds. such 
as amitnptyline, desipramine, imipramine, protriptyline, nortriptyline. etc Likewise. on 
theoretical grounds its use with monoamine oxidase inhibitors is not recommended 
Before administration of Tegretol. MAO inhibitors should be discontinued for a minimum 
of fourteen days. or longer if the clinical situation permits 


WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may be particularly at 
nsk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyells syndrome) 
and Stevens-Johnson syndrome, have been reported with Tegretol. These reactions have 
been extremely rare However. a few fatalities have been reported 

Tegretol has shown mild anticholinergic activity: therefore. patients with increased 
intraocular pressure should be closely observed during therapy. 

Because of the relationship of the drug to other tricyclic compounds. the possibility of 
activation of a latent psychosis and. in elderly patients. of contusion or agitation should be 
borne in mind 


PRECAUTIONS 
General: Before initiating therapy. a detailed history and physica! examination should be 
made 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associated 
with increased frequency of generalized convulsions (see INDICATIONS AND USAGE) 

Therapy should be prescribed only after critical benefit-to-nsk appraisal in patients with 
a history of cardiac, hepatic or renal damage. adverse hematologic reaction to other 
drugs, or interrupted courses of therapy with Tegretol 
Information tor Patients: Patients should be made aware of the early toxic signs and 
symptoms ot a potential hematologic problem. such as fever. sore throat. ulcers in the 
mouth, easy bruising. petechial or purpunc hemorrhage. and should be advised to report 
to the physician immediately if any such signs or symptoms appear. 

Since dizziness and drowsiness may occur. patients should be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 
tasks 
Laboratory Tests: Complete pretreatment blood counts, including platelets and possibly 
reticulocytes and serum iron, should be obtained as a baseline If a patient in the course of 
treatment exhibits low or decreased white blood cell or platelet counts. the patient should 


be monitored closely. Discontinuation of the drug should be considered if any evidence ot 
significant bone marrow depression develops 

Baseline and periodic evaluations of liver function. particularly in patients with a history 
of liver disease. must be performed during treatment with this drug since liver damage 
may occur The drug should be discontinued immediately in cases of aggravated liver 
dysfunction or active liver disease 

Baseline and periodic eye examinations. including slit-lamp, funduscopy and tonome- 
try. are recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 

Baseline and periodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dysfunction 

Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the efficacy 
and safety of anticonvulsants. This monitoring may be particularly useful in cases of 
Oramatic increase in seizure frequency and for verification of compliance In addition 
measurement of drug serum levels may aid in determining the cause of toxicity when more 
than one medication is being used 

Thyroid function tests have been reported to show decreased values with Tegretol 
administered aione 

Hyponatremia has been reported in association with Tegretol use, either alone or in 
combination with other drugs 
Drug Interactions: The simultaneous administration of phenobarbital, phenytoin, or 
primidone, or a combination of two. produces a marked lowering of serum levels of 
Tegretol The effect of valproic acid on Tegretol blood levels ıs not clearly established. 
although an increase in the ratio of active 10. 11-epoxide metabolite to parent compound is 
a consistent finding. 

The halt-lives of phenytoin, warfarin, doxycycline, and theophylline were significantly 
shortened when administered concurrently with Tegretol Halopendo! and valproic acid 
serum levels may be reduced when these drugs are administered with Tegretol The doses 
of these drugs may therefore have to be increased when Tegretol is added to the 
therapeutic regimen. 

Concomitant administration of Tegretol with erythromycin, cimetidine. propoxyphene. 
isoniazid or calcium channel blockers has been reported to result in elevated plasma levels 
of carbamazepine resulting in toxicity in some cases Also, concomitant administration of 
Carbamazepine and lithium may increase the nsk of neurotoxic side effects 

Alterations of thyroid function have been reported in combination therapy with other 
anticonvulsant medications 

Breakthrough bleeding has been reported among patients receiving concomitant oral 
contraceptives and their reliability may be adversely atfected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carbamazepine. when adminis- 
tered to Sprague-Dawley rats for two years in the diet at doses of 25. 75. and 250 
mg/kg/day, resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of males 

Carbamazepine must. therefore. be considered to be carcinogenic in Sprague-Dawley 
rats Bactenal and mammalian mutagenicity studies using carbamazepine produced 
Negative results The significance of these findings relative to the use of carbamazepine in 
humans ıs. at present, unknown. 

Category C: Tegretol has been shown to have adverse effects in reproduction 
Studies in rats when given orally in dosages 10-25 times the maximum human daily dosage 
of 1200 mg In rat teratology studies, 2 of 135 offspring showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate. 1. talipes, 1 
anophthalmos. 2). In reproduction studies in rats. nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternal dosage level of 200 mg/kg 

There are no adequate and well-controlled studies in pregnant women. Epidemiological 
data suggest that there may be an association between the use of carbamazepine during 
pregnancy and congenital malformations, including spina bifida. Tegretol shouid be used 
during pregnancy only if the potential benetit justifies the potential risk to the fetus 

Retrospective case reviews suggest that. compared with monotherapy, there may dea 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy Therefore, monotherapy is recommended tor pregnant women 


Only TEGRETOL, 
brand of carbamazepine, 
provides the prescribing 


flexibility of a 100-mg scored 
chewable tablet, as well as 
a 200-mg scored tablet. 





It is important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug is administered to prevent mayor seizures because of the strong 
Possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In 
individual cases where the severity and trequency cf the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient, discontinuation of the 
drug may be considered prior to and during pregnancy. although it cannot be said with any 
confidence that even minor seizures do not pose some hazard to the developing embryo or 
fetus 
Labor and Delivery: The effect of Tegretol on human labor and delivery is unknown 
Nursing Mothers: During lactation, concentration of Tegretol in milk is approximately 60% 
of the maternal plasma concentration 

Because of the potential for senous adverse reactions in nursing infants from car- 
bamazepine. a decision should be made whether to discontinue nursing or to discontinue 
the drug. taking into account the importance of the drug to the mother 
Pediatric Use: Satety and ettectiveness in children beiow the age of 6 years have not been 
established 


ADVERSE REACTIONS 
It adverse reactions are of such seventy that the drug must be discontinued. the physician 
must be aware that abrupt discontinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its life-threatening 
hazards 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING), the skin and the cardiovascular system 

The most frequently observed adverse reactions. particularly during the initial phases of 
therapy. are dizziness. drowsiness, unsteadiness, nausea. and vomiting To minimuze the 
Possibility of such reactions, therapy should be initiated at the low dosage recommended. 

The following additional adverse reactions have been reported 
Hemoporetc System Aplastic anemia, agranulocytosis. pancytopenia, bone marrow 
depression, thrombocytopenia. leukopenia. leukocytosis. eosinophilia, acute intermittent 
porphyria 
Skin: Pruritic and erythematous rashes. urticaria. toxic epidermal necrolysis (Lyell’s 
syndrome) (see WARNINGS), Stevens-Johnson syndrome (see WARNINGS). photosen- 
sitivity reactions. alterations in skin pigmentation. extoliative dermatitis. erythema multi- 
forme and nodosum. purpura, aggravation of disseminated lupus erythematosus 
alopecia, and diaphoresis. In certain cases, discontinuation of therapy may be necessary 
Cardiovascular System. Congestive heart failure. edema. aggravation of hypertension 
hypotension. syncope and collapse, aggravation of coronary artery disease. arrhythmias 
and AV block. pnmary thrombophlebitis, recurrence ot thrombophlebitis. and adenopathy 
or lymphadenopathy. 

Some ot these cardiovascular complications have resulted in fatalities Myocardial 
infarction has been associated with other tricyclic compounds 
Liver. Abnormalities in liver function tests. cholestatic and hepatocellular jaundice 
hepatitis 
Respiratory System. Pulmonary hypersensitivity characterized by fever, dyspnea. pneu- 
monitis or pneumonia 
Genitourinary System: Urinary trequency. acute urinary retention, oliguria with elevated 
blood pressure. azotemia, renal failure, and impotence Albuminuria. glycosuria. elevated 
BUN and microscopic deposits in the urine have also been reported 

Testicular atrophy occurred in rats receiving Tegretol orally trom 4 to 52 weeks at dosage 
levels of 50 to 400 mg/kg/day. Additionally. rats recerving Tegretol in the diet for two years 
at dosage levels of 25. 75. and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis In dogs. it produced 2 brownish discoloration, presum- 
ably a metabolite. in the urinary bladder at dosage levels of 50 mg/kg and higher 
Relevance of these findings to humans is unknown 
Nervous System Duziness, drowsiness. disturbances of coordination, contusion. head- 
ache. fatigue. blurred vision, visual hallucinations, transient diplopia, oculomotor distur- 
bances. nystagmus, speech disturbances, abnormal involuntary movements. penpheral 
neuritis and paresthesias. depression with agitation. talkativeness. tinnitus. and 
hyperacusis 

There have been reports of associated paralysis and other symptoms of cerebral arterial 
insufficiency. but the exact relationship of these reactions to the drug has not been 
established 
Digestive System Nausea, vomiting. gastric distress and abdominal pain. diarrhea, consti- 
pation. anorexia. and dryness of the mouth and pharynx. including glossitis and stomatitis 


Eyes: Scattered. punctate, cortical lens opacities. as well as conjunctivitis have been 
reported Although a direct causal relationship has not been established. many phe- 
nothiazines and related drugs have been shown to cause eye changes 
Musculoskeletal System Aching joints and muscles. and leg cramps 
Metabolism Fever and chills Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported Cases of frank water intoxication. with decreased serum sodium 
(hyponatremia) and contusion. have been reported in association with Tegretol use (see 
PRECAUTIONS. Laboratory Tests) 
Other Isolated cases of a lupus erythematosus-like syndrome have been reported There 
have been occasional reports of elevated levels of cholesterol. HDL cholesterol and 
triglycerides in patients taking anticonvulsants 

A case of aseptic meningitis. accompanied by myoclonus and peripheral eosinophilia 
has been reported in a patient taking carbamazepine in combination with other medica- 
tions. The patient was successfully dechallenged, and the meningitis reappeared upon 
rechalienge with carbamazepine 


DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol. nor is there evidence ot 
psychological or physical dependence in humans 


OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose adults, >60 g (39-year-old man) Highest known doses 
survived: adults. 30 g (31-year-old woman). children. 10 g (6-year-old boy) small 
children, 5 g (3-year-old girl) 

Oral LD50 in animals (mg/kg): mice, 1100-3750. rats, 3850-4025: rabbits. 1500-2680. 
guinea pigs, 920 
Signs and Symptoms 
The first signs and symptoms appear after 1-3 hours Neuromuscular disturbances are the 
Most prominent Cardiovascular disorders are generally milder. and severe cardiac com- 
plications occur only when very high doses (>60 g) have been ingested 
Respiration \rregular breathing respiratory depression 
Cardiovascular System Tachycardia, hypotension or hypertension. shock. conduction 
disorders 
Nervous System and Muscies: impairment of consciousness ranging in seventy to deep 
coma Convulsions, especially in smali children Motor restlessness, muscular twitching. 
tremor, athetoid movements. opisthotonos, ataxia. drowsiness, dizziness, mydriasis. 
nystagmus, adiadochokinesia. ballism. psychomotor disturbances. dysmetnia Initial 
hyperrefiexia. followed by nyporeflexia 
Gastrointestinal Tract Nausea. vomiting 
Kidneys and Bladder Anuma or oliguria, unnary retention 
Laboratory Findings: Isolated instances of overdosage have included leukocytosis, re- 
duced leukocyte count. glycosuna and acetonuria EEG may show dysrhythmias 
Combined Poisoning: When alconol. tricyclic antidepressants. barbiturates or hydantoins 
are taken at the same time. the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or modified 
Treatment 
The prognosis in cases of severe poisoning is Critically dependent upon prompt elimination 
of the drug, which may be achieved by inducing vomiting. irrigating the stomach, and by 
taking appropriate steps to diminish absorption If these measures cannot be implemented 
without risk on the spot. the patient should be transterred at once to a hospital. while 
ensuring that vital functions are safeguarded There is no specific antidote 
Elimination of the Drug. Induction of vomiting 

Gastnc lavage Even when more than 4 hours have elapsed following ingestion of the 
drug. the stomach shoul be repeatedly irrigated. especially if the patient nas also 
consumed alcohol 
Measures to Reduce Absorption: Activated charcoal. laxatives 
Measures to Accelerate Elimination. Forced diuresis 

Dialysis ıs indicated only in severe poisoning associated with renal tailure Replacement 
transfusion is indicated in severe poisoning in small children 
Respiratory Depression Keep the airways free: resort. it necessary, to endotracheal 
intubation, artificial respiration. and administration of oxygen 
Hypotension. Shock Keep the patient's legs raised and administer a plasma expander. It 
blood pressure fails to rise despite measures taken to increase plasma volume. use of 
vasoactive substances should be considered 
Convulsions Diazepam or barbiturates 
Warning. Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension, and coma However. barbiturates should not be used if drugs that 
inhibit monoamine oxidase nave also been taken by the patient either in overdosage or in 
recent therapy (within one week). 
Surveillance: Respiration, cardiac function (ECG monitoring), blood pressure body tem- 
perature, pupillary reflexes and kidney and bladder function should be monitored for 
several days 
Treatment of Blood Count Abnormalities- it evidence of significant bone marrow depres- 
sion develops. the following recommendations are suggested (1) stop the drug. (2) 
perform daily CBC. platelet and reticulocyte counts. (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery 

Special periodic studies might be helptul as follows (1) white cell and platelet anti- 
bodies, (2) S9Fe—terrokinetic studies. (3) peripheral blood cell typing, (4) cytogenetic 
studies on marrow and peripheral blood. (5) bone marrow culture studies for colony- 
forming units. (6) hemoglobin electrophoresis tor Aa and F hemoglobin, and (7) serum 
folic acid and B49 levels 

A fully developed aplastic anemia will require appropriate. intensive monitonng and 
therapy. for which specialized consultation should be sought 
DOSAGE AND ADMINISTRATION 
Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS. Laboratory Tests) Dosage should be adjusted to the needs of the individ- 
ual patient. A low initial daily dosage with a gradual increase ıs advised. As soon as 
adequate control is achieved the dosage may be reduced very gradually to the minimum 
effective level Tablets shoulc be taken with meals 
Epilepsy (see INDICATIONS AND USAGE) 
Adults and children over 12 years of age—Initial: 200 mg dı d Increase at weekly 
intervals by adding up to 200 mg per day using a tı.d. or gid regimen unti! the best 
response is obtained Dosage should generally not exceed 1000 mg daily in children 12 to 
15 years of age. and 1200 mg daily in patients above 15 years of age. Doses up to 1600 mg 
daily Nave been used in adults in rare instances. Maintenance: Adjust dosage to the 
minimum effective level, usually 800-1200 mg daily 
Children 6-12 years of age —Initial: 100 mg d i.d Increase at weekly intervals by adding 
100 mg per day using atid ør q.1.d. regimen until the best response is obtained Dosage 
should generally not exceed 1000 mg Maintenance: Adjust dosage to the minimum 
effective level. usually 400-800 mg daily. 
Combination Therapy: Tegretol may be used alone or with other anticonvulsants When 
added to existing anticonvulsant therapy, the drug should be added gradually while the other 
anticonvulsants are maintained or gradually decreased, except phenytoin. which may have 
to be increased (see PRECAUTIONS, Drug Interactions and Pregnancy Category C) 
Trigeminal Neuralgia (see INDICATIONS AND USAGE) 
Initial: 100 mg dı d on the first day for a total daily dose of 200 mg This daily dose may 
be increased by up to 200 mg a day using increments ot 100 mg every 12 hours only as 
needed to achieve freedom from pain. Do not exceed 1200 mg daily 
Maintenance: Control of pain can be maintained in most patients with 400 mg to 800 mg 
daily However. some patients may be maintained on as little as 200 mg daily, while others 
may require as much as 1200 mg daily At least once every 3 months throughout the 
treatment period, attempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug 


HOW SUPPLIED 


Chewable Tablets 100 mg—round, red-speckled. pink, singie-scored (imprinted Tegretol 
on one side and 52 twice on the scored side) 


Bottles of 100 NDC 0028-0052-01 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 0028-0052-61 


Tablets 200 mg—capsule-shaped. pink, single-scored (imprinted Tegretol on one side 
and 27 twice on the scored side) 


Bottles of 100 NOC 0028-0027-01 

Bottles of 1000 NDC 0028-0027-10 
Gy-Pak*—One Unit 

12 botties—100 tablets each NOC 0028-0027-65 
Unit Dose (blister pack) 

Box of 100 

(stnps of 10) NODC 0028-0027-61 


Samples. when available. are \entitied by the word SAMPLE appearing on each tablet 
Protect from moisture 

Dispense in tight container (USP) 

Also available as Tegretol suspension 100 mg/5 mi. in 450 mi bottles 


Printed in U S.A. C90-34 (Rev. 6/90) 


GEIGY Pharmaceuticals 
Division of CIBA-GEIGY Corporation 
Ardsley, New York 10502 


Geigy 


Hemifacial Spasm 


in Rochester and Olmsted County, Minnesota, 1960 to 1984 


Raymond G. Auger, MD, Jack P. Whisnant, MD 


@ The incidence of hemifacial spasm in 
residents of Olmsted County, Minnesota, 
was studied by reviewing the medical 
records of patients residing in the com- 
munity between 1960 and 1984. The aver- 
age annual incidence rate was 0.74 per 
100000 in men and 0.81 per 100000 in 
women, age-adjusted to the 1970 US white 
population. The average prevalence rate 
was 7.4 per 100 000 population in men and 
14.5 per 100 000 in women. The incidence 
and prevalence rates were highest in 
those from 40 to 79 years of age. 

(Arch Neurol. 1990;47:1233-1234) 


emifacial spasm (HFS) is charac- 

terized clinically by paroxysmal 
bursts of involuntary tonic or clonic 
activity in muscles innervated by the 
facial nerve. It is a rare condition that 
is infrequently encountered in neuro- 
logic practice. Reports describing 
large series of patients with this con- 
dition are generated from tertiary- 
care centers receiving referrals from 
large geographic areas.'? To our 
knowledge, the incidence of HFS 
among the general population has not 
been reported. The purpose of this 
study is to carry out a population- 
based analysis of HFS to determine its 
incidence and other epidemiologic 
characteristics. 


PATIENTS AND METHODS 


The study was conducted among resi- 
dents of Olmsted County in southern Min- 
nesota. Medical care in this community is 
provided almost entirely by the Mayo Med- 
ical Center, Rochester, Minn, the Olmsted 
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Medical Group, and Olmsted Community 
Hospital. Medical data, including informa- 
tion obtained from an inclusive diagnostic 
indexing system, are recorded in a com- 
puter database and can be retrieved for 
analysis.‘ 

To be included in the study, patients were 
required to have resided in Olmsted County 
for at least 1 year prior to the diagnosis of 
HFS. Some cases may not have been re- 
corded, but the likelihood of this is small 
because the Mayo Clinic has a liberal con- 
sultation practice and virtually all patients 
with neurologic disease are seen by neurol- 
ogists. Additionally, private practitioners 
in Olmsted County refer patients with neu- 
rologic disease directly to the Mayo Clinic 
because no other neurologists practice in 
the county. 

The diagnosis of HFS was made by a staff 
consultant in the department of neurology 
at the Mayo Clinic based on the clinical 
presentation or confirmation by electro- 
myography if the clinical presentation was 
atypical. 

All Mayo Clinic records of Olmsted 
County residents with the diagnosis of HFS 
between 1960 and 1984 were reviewed. Inci- 
dence and prevalence rates were calculated 
by dividing the number of patients in the 
various age and sex categories by the ap- 
propriate population denominator; these 
were then age- and sex-adjusted to the 1970 
US white population. 


RESULTS 


Twenty patients with HFS were 
seen during this 25-year period. Fif- 
teen were residents of Olmsted County 
at the onset of HFS. Of these residents, 
the spasm began between 1960 and 
1984 in 14 and before 1960 in one. Five 
patients became residents after onset. 
Table 1 describes the clinical features 
and Table 2 describes the treatment of 
these patients. Table 3 presents the 
average annual incidence rate of HFS 
per 100000 population, age- and sex- 
adjusted to the 1970 US white popula- 
tion. Figure 1 presents the age- and 
sex-specific annual incidence rate per 


Table 1.—Clinical Features of 
Patients With Hemifacial Spasm* 


Clinical Feature Observed 
Age at onset, y 30-72 
Sex 12 women, 
8 men 
13 right, 
7 left 
3 (all tem- 
porary) 





Side of involvement 
Remissions 


Muscles involved at onset 
Orbicularis oculi 
Not documented 
Muscles involved during 
course of illness 
Orbicularis oculi 
Orbicularis oris 
Platysma 
Not documented 
Stapedius 
Not documented 
Facial weakness 
Mild 
None 
Not documented 
Acoustic nerve, 
presbycusis 
Other cranial nerves 
Other CNS involvement 
Old cerebral infarct 
Brain metastases 
Parietal AV 
malformation 
Other medical illnesses 
Hypertension 
Carcinoma with no 
CNS involvement 
Diabetes mellitus 
CT of head 
Normal 
Abnormal 
Vertebral artery 
loop, 1 
Parietal AV malfor- 
mation, 1 
Old cerebral 
infarct, 1 
Cerebellar 
metastases, 1 
Not done 
Angiogram 
Cerebellar metastases 
Parietal AV 
malformation 
Not done 
Prior Bell's palsy 


* AV indicates arteriovenous; CNS, central nervous 


system; and CT, computed tomography. 


Hemifacial Spasm—Auger & Whisnant 1233 








| 
| 





Table 2.—Treatment of Hemifacial 
Spasm 







Treatment Outcome 
Drug trial 
Phenytoin 


Carbamazepine 













3 no benefit 


1 remission for 3 mo; 
1 unavailable for 
follow-up 


3 no benefit 
2 subjectively better 


1 good result for 3 
mo 








Procainamide 
Mephobarbital 
Botulinum toxin 







Surgery 
Microvascular 
decompression 





1 total resolution; 
1 total resolution 
after 2 operations 


1 improvement 







Orbital myectomy 
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Fig 1.—Age- and sex-specific average annual 
incidence rates of hemifacial spasm in Olmsted 
County, Minnesota, per 100000 population. 


100000 population. Figure 2 presents 
the prevalence rate per 100000 popu- 
lation for the successive 5-year periods 
from 1965 to 1984, and Fig 3 presents 
the age- and sex-specific prevalence 
rates per 100000 population. 


COMMENT 


The average annual incidence rate of 
HFS for all ages is 0.78 per 100000 
population, age- and sex-adjusted to 
the 1970 US white population. The in- 
cidence rate is 0.81 per 100000 in 
women and 0.74 per 100 000 in men. The 
highest annual incidence rates of HFS 
are in those between 40 and 79 years of 
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Table 3.—Age- and Sex-Specific Annual Incidence Rates of Hemifacial Spasm per 
100000 Population Between 1960 and 1984 







Incidence 








Female 





































































* Age-adjusted to the 1970 US white population. 


Age, y No. Rate No. Rate 
0-19 (0) wy 0 a5 o TE 
20-39 1 0.34 2 0.58 3 0.47 
40-59 3 1.6 3 1.5 6 1.56 
60-79 2 2.27 3 2.5 5 2.38 
80+ (0) EA o ye o Saye 
Total 6 0.61 8 0.74 14 0.68 
Adjusted 0.74° 0.81° 0.78t 
95% confidence 
interval 0.14-1.35 0.24-1.38 0.37-1.2 









tAge- and sex-adjusted to the 1970 US white population. 
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Fig 2.—Prevalence rates of hemifacial spasm 
in Olmsted County, Minnesota, per 100000 
population, age- and sex-adjusted to the 1970 
US white population. 


age (Fig 1). This compares with an av- 
erage annual incidence rate of 4.7 per 
100000 for trigeminal neuralgia’ and 
25.2 per 100000 for Bell’s palsy.® The 
prevalence rate of HFS remained un- 
changed during the time it was stud- 
ied, with an average of 11 patients per 
100 000 in the total population (Fig 2). 
The average prevalence rate in women 
was 14.5 per 100000, and the rate in 
men was 7.4 per 100000. Most patients 
were between 40 and 79 years of age. 
No patients were younger than 20 or 
older than 80 years of age. 

The clinical findings are similar to 
findings in previous reports.'? In most 
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patients, the orbicularis oculi is the 
first muscle involved, with gradual 
spread to other muscles innervated by 
the facial nerve. Muscle weakness, 
when present, is mild. The associated 
illnesses that occur are commonly seen 
in the elderly. Microvascular decom- 
pression was curative in the two pa- 
tients in whom it was done. Botulinum 
toxin injection produced satisfactory 
results, but it had to be repeated every 
3 months to remain effective. Drug 
therapy was not effective in most in- 
stances. 
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Temporoparietal Cortex in Aphasia 


Evidence From Positron Emission Tomography 


E. Jeffrey Metter, MD; Wayne R. Hanson, PhD; Catherine A. Jackson, MA; Daniel Kempler, PhD; 
Diana van Lancker, PhD; John C. Mazziotta, MD, PhD; Michael E. Phelps, PhD 


e Forty-four aphasic patients were ex- 
amined with (F'°)-fluorodeoxyglucose 
positron emission tomography in a resting 
state to determine whether consistent glu- 
cose metabolic abnormalities were pres- 
ent. Ninety-seven percent of subjects 
showed metabolic abnormalities in the an- 
gular gyrus, 89% in the supramarginal gy- 
rus, and 87% in the lateral and transverse 
superior temporal gyrus. Pearson product 
moment correlations were calculated be- 
tween regional metabolic measures and 
performance on the Western Aphasia Bat- 
tery. No significant correlations were 
found between the Western Aphasia Bat- 
tery scores and right hemisphere meta- 
bolic measures. Most left hemisphere re- 
gions correlated with more than one score 
from the Western Aphasia Battery. Tem- 
poral but not frontal regions had signifi- 
cant correlations to the comprehension 
score. The left temporoparietal region was 
consistently affected in these subjects, 
suggesting that common features in the 
aphasias were caused by left temporopa- 
rietal dysfunction, while behavioral differ- 
ences resulted from (1) the extent of tem- 
poroparietal changes, and (2) dysfunction 
elsewhere in the brain, particularly the left 
frontal and subcortical areas. 

(Arch Neurol. 1990;47:1235-1238) 
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fundamental issue in aphasiology 

is whether the disorder consists of 
single or multiple syndromes. Over the 
past 100 years, two basic schools of 
thought have evolved. A unitary, ho- 
listic, or nonsyndrome approach 
championed by Marie and Head’! has 
been supported by behavioral similar- 
ities between aphasic patients. It has 
been proposed, for instance, that all 
aphasic patients, regardless of site of 
lesion, have similar language prob- 
lems (eg, anomia, paraphasia) but dif- 
fer primarily in severity.*? Pathoana- 
tomic correlations have not been of 
primary concern in these arguments, 
although supporters have noted that it 
is difficult to predict aphasic symp- 
toms from lesion data, suggesting that 
there is no one-to-one mapping be- 
tween lesion location and symptom. 
The implication of these data is that 
there is no strong evidence for a model 
of strict localization of language func- 
tion. 

The second school of thought devel- 
oped around the seminal work of 
Broca, Wernicke, and others, which 
has argued for the existence of multi- 
ple, distinct aphasic syndromes. Evi- 
dence for this position has been the 
observation of clinical differences be- 
tween aphasic patients. Further, dam- 
age to specific brain regions has been 
associated with distinct symptoms, 
and these observations have been used 
to support theories of strict localiza- 
tion of language function. In this 
model, no single brain region is critical 
for language, but rather, various re- 
gions contribute different language 
functions, and connections between 
these regions are essential for intact 


language ability.** 

One difficulty with attempts to asso- 
ciate lesion site with behavioral 
changes is that correlations have been 
based solely on the site of structural 
damage (through autopsy, computed 
tomography, or magnetic resonance 
imaging). Evidence of structural brain 
damage reveals where the brain has 
been injured, but little about the func- 
tional consequences of the injury. A 
structural lesion may have minor or 
major influence on other brain regions 
that may be critical in the aphasia. 
Most localization models ignore the 
effects of the damage on other brain 
regions, although some include the no- 
tion of disconnection of cortical re- 
gions based on white matter lesions.’ 
Inconsistencies in anatomically based 
models may in part have resulted from 
the lack of a means for evaluating the 
remote effects of structural damage. 

Positron emission tomography 
(PET) using (F-'’)-fluorodeoxyglucose 
allows for the examination of glucose 
utilization within the brain and the 
study of remote regional effects.’ Glu- 
cose is one of the two major energy 
substrates used by the brain. The 
amount of glucose used is directly pro- 
portional to the amount of neuronal 
activity.’ Preliminary observations? 
have suggested that the left temporo- 
parietal cortex is consistently abnor- 
mal in aphasic patients. If a common 
metabolic abnormality were present in 
all aphasic patients, it would argue 
that aphasia may arise from dysfunc- 
tion in the abnormal region, support- 
ing a unitary-holistic model. In such a 
model, subjects would be differenti- 
ated by the interplay between struc- 
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Table 1.—Percentage of Patients 
With Regional Glucose 
Hypometabolism Based on Left to 
Right Ratios and Regional Structural 
Abnormalities as Measured by 
Computed Tomography in 45 
Aphasic Patients * 


Percentage With 
Abnormalities 
_—“-“ 
Glucose Structural 
Metabolism Damage 





Prefrontal 
Broca’s region 
Parietal lobe 
Wernicke's area 
Posterior middle 
temporal 
Caudate 
Thalamus 





* Reference 10. 


tural and functional abnormalities in 
different brain regions and their cu- 
mulative effects on behavior. Such ob- 
servations were seen in Wernicke’s 
Broca’s, and conduction aphasias 
where the three syndromes were dif- 
ferentiated by the extent of left sub- 
cortical structural damage and left 
prefrontal hypometabolism.? 

The question addressed in this study 
is whether there is a constant glucose 
metabolic abnormality across all ma- 
jor syndromes of chronic aphasia. In a 
preliminary study,” we compared the 
extent of structural damage with dif- 
ferent brain regions with metabolic 
changes in the same regions (Table 1). 
The left temporoparietal region was 
found to have a consistent metabolic 
abnormality, but the study was not 
designed to examine specific temporal 
or parietal gyri. In this study, we have 
refined the analysis of regional glucose 
metabolism for specific gyri and sub- 
cortical structures using the method 
developed by Mazziotta et al.!' This 
method allows for an accurate and de- 
tailed mapping of the brain cortex and 
some subcortical structures. This ap- 
proach allows for better definition of 
the location of metabolic abnormali- 
ties most commonly associated with 
the presence of aphasia. 


PATIENTS AND METHODS 
Patients 


Forty-four aphasic patients were studied 
by (F"*)-fluorodeoxyglucose PET more than 
1 month after onset of aphasia. The pa- 
tients have been previously described in 
a number of studies.*!*!82022 They were ad- 
ministered the Western Aphasia Battery 
(WAB),” the Porch Index of Communica- 
tive Ability,” as well as several experimen- 
tal batteries assessing various aspects of 
linguistic knowledge, and an analysis of 
their spontaneous speech. For the purpose 
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Conduction Anomia Broca 


Table 2.—Distributions of Clinical Features * 


Aphasia Type 
a 


Wernicke 






Global Transcortical 





























Months After Onset 


7-12 














Aphasia Battery. 


of this study, all tests confirmed the pres- 


ence of a language abnormality in all pa- . 


tients. Table 2 presents clinical information 
on the patients. The patients had a variety 
of aphasias and differing degrees of sever- 
ity from mild to very severe. The distribu- 
tion of aphasia type was comparable with 
other studies*'*'* having no specific selec- 
tion criteria. Our sample consisted of rela- 
tively fewer patients with global aphasia, 
and relatively more with Broca and con- 
duction aphasia. The number of subjects 
with conduction aphasia was consistent 
with the experience of Benson? who noted 
that 10% to 15% of aphasic patients have 
this type of aphasia. In general, the patients 
in this study represent the general distri- 
bution of aphasia severity and type as pre- 
sented in the literature. 


PET 


Patients were studied in a resting state 
with eyes and ears unoccluded using a PET 
(NeuroKCAT device, CTI, Knoxville, Tenn), 
with a resolution of 9 X9 X 11-mm full- 
width half-maximum. Following the injec- 
tion of the isotope, patients lay quietly on 
the scanner bed for 40 minutes while the 
isotope equilibralized and arterialized 
venous blood samples were drawn, then 
scanning was begun. Patients were reliably 
positioned in a consistent manner in the 
scanner using the techniques developed by 
Mazziotta et al.'* 

Scans were analyzed using an interactive 
program that allowed for measures of local 
cerebral metabolic rates of glucose in mil- 
ligrams per 100 g of tissue per minute.” 
Multiple regions of the brain were analyzed 
using the atlas developed by Mazziotta et 
al.'' Regions were initially drawn by a nu- 
clear medicine technician well trained in 
using the regional atlas. The technician was 
responsible for drawing regions for many 
PET projects in the laboratory, so that re- 
gions drawn from one set of studies were 
directly comparable with other studies in 
the laboratory. The regions were prepared 
independent of the analysis for which they 
would be used. The goal was consistency in 
regional measures independent of patient 
population or study. The scans were then 
reviewed by one of us (E.J.M.) and finally by 





* The table shows the number of aphasic patients who meet the descriptive criteria. WAB indicates Western 


the program director (J.C.M.) who com- 
pared them with the standards used for all 
scans analyzed in the laboratory. Only after 
this extensive review were local metabolic 
rates of glucose calculated on the final 
regions. From the large number of regions 
produced by this method, 20 were selected 
that had likely relevance in aphasia. These 
regions were more specific, measuring spe- 
cific gyri, than data that we have published 
previously.?° 

For comparison with normal subjects, all 
regions were divided by the mean right 
hemisphere metabolic rate to give a re- 
gional metabolic ratio. Previous studies" 
have shown that the right hemisphere 
LCMRGlc in these aphasic patients did not 
significantly differ from normal. Each re- 
gional metabolic ratio from the aphasic pa- 
tients was compared with 95% confidence 
limits derived from 22 control subjects. A 
region was considered abnormal if it was 
outside the confidence limits. 


RESULTS 


Table 3 presents the percentage of 
aphasic patients who had abnormal 
glucose metabolism for each region. 
The striking observation was that 97% 
of patients showed decreased metabo- 
lism in the left angular gyrus, 87% had 
abnormalities in the supramarginal 
gyrus, and 85% in the posterosuper- 
otemporal (Wernicke’s) area. When all 
temporoparietal regions were con- 
sidered together, 100% of patients 
showed left temporoparietal hypome- 
tabolism. In the right hemisphere, the 
inferotemporal gyrus had the greatest 
number of patients with hypometabo- 
lism (25% of patients), but when 
means of the ratios were compared be- 
tween the aphasic patients and the 
control subjects, they were not differ- 
ent at P < .05. 

The constancy of metabolic abnor- 
malities in the left temporoparietal 
region argues a role in the resulting 
aphasia. If the level of metabolic ab- 
normality reflects the degree of func- 
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Table 3.—Percentage of Patients 
With Abnormal Metabolic Ratios for 
Each Region 


Hemisphere 
o, 
Region Left Right 
Precentral gyrus 
Laterosuperior 
frontal gyrus 
Middle frontal gyrus 
Inferofrontal gyrus 
Medial prefrontal gyrus 
Superoparietal lobule 
Supramarginal gyrus 
Angular gyrus 
Posterocentral gyrus 
Laterosuperior 
temporal gyrus 
Transverse superior 
temporal gyrus 
Middle temporal gyrus 
Inferotemporal gyrus 
Occipitotemporal gyrus 
Laterosuperior 
occipital gyrus 
Lateroinferior 
occipital gyrus 
Caudate head 
Caudate body 
Putamen 
Thalamus 








tional impairment for a region, then 
correlation to performance on aphasia 
tests should reflect on any regional 
brain-behavior relationship. Pearson 
product moment correlations were de- 
termined for standard combined 
scores from WAB subtests” and re- 
gional metabolic ratios (Table 4). Cor- 
relations were considered significant 
at P < .01, r = .38. Significant correla- 
tions were found to most left hemi- 
sphere regional metabolic measures 
except for the parietal-precuneus. The 
only WAB measure that distinguished 
frontal from temporoparietal regions 
was the correlations of comprehension 
to the latter regions. No significant 
correlations of the WAB scores to the 
right hemispheric metabolic ratios 
were found, so these regions were not 
included in Table 4. 


COMMENT 


The high percentage of patients with 
glucose hypometabolism in the left 
angular, supramarginal, and postero- 
superior temporal gyri, suggests that 
these areas are essential (but not nec- 
essarily specific) for the development 
of aphasia. These observations are 
consistent with a common underlying 
functional abnormality in these brain 
regions, thus supporting, at a patho- 
physiologic level, the concept of a uni- 
tary locus of functional abnormality in 
aphasia. The nature and extent of the 
aphasia appears to depend on a com- 
plex interplay between the regions of 
structural damage, their effects on 
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Table 4.—Correlations Between Left Hemisphere Regional Measures of Glucose and 
Scores on the Western Aphasia Battery 


Aphasia Spontaneous Compre- 


Quotient Speech 


hension Repetition Naming Read 





Laterosuperior 
frontal gyrus 61° .65°* 





.39* .45* -49° 








Medial superior 
frontal gyrus .31 .38* 


.18 .35 .30 





Middle frontal 

gyrus .53* .66* 
Inferofrontal 

gyrus 57° .69° 








-41° .49° .48* 





.48* .53* 





Parietal 
precuneus .22 .26 


.14 .20 





Superoparietal 

lobule .31 .34 
Inferoparietal 

lobule -42° 47° 





.24 .27 





.39° .38* 





Supramarginal 
gyrus -42° 45° 





34 





Angular gyrus .38° 31 


34 








Laterosuperior 
temporal gyrus -60° .59° 





.53°* 





Transverse superior 
temporal gyrus 47" .49* 





-40° 





Middle temporal 
gyrus 57° 47° 


-54° 





Inferotemporal 
gyrus 46° .44* 


*P< .01 for P = .01, r = .38. 


temporoparietal function, and the in- 
terrelationship between structural 
and temporoparietal dysfunction on 
the remainder of the brain.**'*° Thus, 
although there may be a constant 
pathophysiology, the complex changes 
that occur in the brain result in indi- 
vidual differences in the severity and 
characteristics of the aphasia. 

The correlation of most WAB scores 
to much of the left hemisphere is con- 
sistent with the roles of the left side of 
the brain in the aphasia, as is the cor- 
relation of the comprehension score to 
temporoparietal but not frontal mea- 
sures. The temporoparietal correla- 
tions are similar to what we observed 
previously with the Porch Index of 
Communicative Ability and Boston Di- 
agnositec Aphasia Examination.” The 
fact that the levels of correlation of 
language measures differed for differ- 
ent temporoparietal regions argue for 
related but not necessarily the same 
functions for each of these regions. 
Thus, differential involvement of tem- 
poroparietal regions, in part, is associ- 
ated with differences in the aphasia. 
The temporoparietal regions appear to 
be critical for language features com- 
mon to all aphasic patients. 

We have noted elsewhere that be- 
havioral differences between aphasic 
patients can be explained in part by 
changes in left frontal lobe metabo- 
lism, which are independent of struc- 
tural damage to the frontal regions.‘ 








-41° 


The degree of left prefrontal hypome- 
tabolism correlated with the extent of 
structural damage to subcortical re- 
gions (internal capsule, lenticular nu- 
clei, caudate, and thalamus). The 
damage to subcortical structures and 
prefrontal hypometabolism can be 
shown to have some common and in- 
dependent effects on behavior.” In this 
study, the frontal metabolic measures 
were found to correlate with most 
WAB scores. Each of these scores is a 
complex measure that taps a number 
of underlying processes. This study 
has not explored the underlying make- 
up by looking at subtest changes. 
Previously, we found for three major 
aphasic syndromes  (Wernicke’s, 
Broca’s, and conduction aphasias) rel- 
atively similar levels of temporopari- 
etal hypometabolism. The most strik- 
ing differences were in the degree of 
prefrontal metabolic abnormalities.’ 
We speculated that the agrammatic 
characteristics of Broca’s aphasia and 
the fluent jargon of Wernicke’s apha- 
sia may reflect the differential involve- 
ment of the prefrontal areas. In 
Broca’s aphasia the presence of 
marked prefrontal hypometabolism 
may imply functional impairment (ie, 
a loss of capability of the region to do 
its normal task). In Wernicke’s apha- 
sia there is only a mild to moderate 
degree of prefrontal hypometabolism 
that may result from a disruption of 
communication between temporal and 
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frontal regions. This poor communica- 
tion (particularly feedback) between 
prefrontal and temporal cortex may 
result in the situation where the fron- 
tal lobe responds to a need to speak but 
without appropriate feedback and 
communication with the temporal lobe 
thus resulting in jargon. 

The absence of correlations between 
WAB scores and right hemisphere me- 
tabolism can have at least three ex- 
planations. First, the degree of func- 
tional change in the right hemisphere 
in these aphasic patients was not as- 
sociated with the performance on the 
WAB. Metabolic abnormalities were 
found in the right inferotemporal gy- 
rus in 25% of patients. Any effects that 
this may have contributed to the apha- 
sia may be masked by the more rele- 
vant changes in the left hemisphere. 
More subtle tests that focus on specific 
behavioral functions may demonstrate 
stronger correlations. Second, meta- 
bolic effects from transcallosal connec- 
tions may have different functional 
meaning than intrahemispheric con- 
nections. Small intrahemispheric le- 
sions can cause marked metabolic 
changes throughout the ipsilateral 
hemisphere. On the other hand, large 
lesions that damage large parts of a 
hemisphere cause only transient met- 
abolic changes in the contralateral 
hemisphere. Clearly, the mechanisms 
causing changes in brain metabolism 
differ when the lesion is within the 
hemisphere or is dependent on trans- 
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callosal connections. For this reason, 
behavioral interpretations of the ef- 
fect of an ipsilateral lesion on the con- 
tralateral hemisphere needs to be 
thoroughly investigated. Third, the 
role of the contralateral hemisphere 
may be in compensation rather than 
primary functional loss. The WAB 
may not adequately measure the con- 
sequences of compensation, thus 
masking the brain-behavior relation- 
ship. 

Alternate explanations may exist 
for the constancy of the left temporo- 
parietal hypometabolism in aphasic 
patients. The changes could be nonspe- 
cific resulting from residual ischemia 
in the temporoparietal regions. This 
does not seem likely as cortical hy- 
pometabolism was observed in pa- 
tients with intracerebral hemor- 
rhages,” and persist for at least 15 to 
20 years. Also, the metabolic abnor- 
malities do not respect arterial distri- 
butions, so that the persistent is- 
chemia hypothesis does not seem 
likely. 

The data demonstrate a high sensi- 
tivity for the temporoparietal region 
in aphasia. We have no data, though, to 
argue for its specificity. Nonaphasic 
patients with left hemispheric lesions 
are likely to demonstrate left temporo- 
parietal hypometabolism. What will 
likely differentiate aphasic and non- 
aphasic patients will be the location 
and extent of the structural damage, 
as well as the extent of regional func- 
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tional disruption by direct damage and 
from remote effects. Clearly, further 
studies comparing aphasic and non- 
aphasic patients are needed to under- 
stand these relationships. 
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aphasic patients. Presumably, the 
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ble for the language deficit, through 
disruption of linguistic processes. The 
frontal lobe appears to be involved 
with the motor and planning factors 
associated with the ability to complete 
a language task. This model, in which 
aphasia results from dysfunction of 
temporoparietal areas, supports both 
a unitary concept of aphasia and mul- 
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The Marinesco-Sjégren Syndrome Examined by Computed 
Tomography, Magnetic Resonance, and *F-2-Fluoro-2- 
Deoxy-D-Glucose and Positron Emission Tomography 


Mark B. Bromberg, MD, PhD; Larry Junck, MD; Stephen S. Gebarski, MD; Michael J. McLean, MD, PhD; Sid Gilman, MD 


@ The Marinesco-Sjégren syndrome is 
an autosomal recessive degenerative dis- 
order characterized by congenital cata- 
racts, cerebellar ataxia, spasticity, mental 
deficiency, and skeletal abnormalities. We 
studied two adult siblings with Marinesco- 
Sjögren syndrome using anatomic and 
metabolic brain imaging techniques to 
characterize the pattern and nature of ab- 
normalities in the brain. Computed tomo- 
graphic and magnetic resonance imaging 
showed diffuse brain atrophy of mild to 
moderate degree, involving primarily the 
white matter of the cerebrum, cerebellum, 
brain stem, and cervical spinal cord. The 
pattern of atrophy resembled that seen in 
diffuse leukoencephalopathies. Measure- 
ments of local cerebral glucose metabolic 
rates with positron emission tomography 
revealed no statistically significant differ- 
ences from normal control subjects in 
most regions, but metabolic rate was de- 
creased in the thalamus in one patient. The 
findings support a diffuse white matter 
disorder in Marinesco-Sjégren syndrome. 

(Arch Neurol. 1990;47:1239-1242) 


he features of the Marinesco- 
Sjogren syndrome (MSS) were 
originally described in 18 patients by 
Marinesco et al' and Sjögren.” The fea- 
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tures included the triad of early cata- 
racts, slowly progressive cerebellar 
ataxia, and mental deficiency with an 
autosomal recessive hereditary pat- 
tern. Subsequent studies include addi- 
tional clinical features of spasticity, 
small stature, and skeletal abnor- 
malities.** Despite published clinical 
descriptions of 80 or more patients, the 
pathologic abnormalities have not 
been fully characterized. Autopsies 
have been limited to two children and 
indicate cell loss in the cerebellar 
cortex and related brain-stem struc- 
tures.” Results of brain imaging 
studies have varied, showing no abnor- 
malities,” atrophy of the cerebral 
cortex,®!!"? and atrophy of the cere- 
bellum.” 

We studied two adult siblings with 
MSS to characterize the distribution 
and nature of brain abnormalities and 
compare them with other degenerative 
disorders. Brain structure was studied 
by computed tomographic (CT) and 
magnetic resonance (MR) imaging, 
and local cerebral metabolic rate for 
glucose (LCMRG) by "F-2-fluoro- 
2-deoxy-D-glucose and positron emis- 
sion tomography (PET). 


REPORT OF CASES 
Pedigree 


Our patients were from a sibship of six 
with no family history of neurologic abnor- 
malities or consanguinity. Both patients 
were the product of uneventful pregnancies 
and deliveries. Patient 1 was a 42-year-old 
man with two children who were normal by 
our examination. Patient 2 was a 39-year- 
old woman with no children. She has a 


Marinesco-Sjégren Syndrome—Bromberg et al 


dizygotic twin brother who was normal by 
our examination. The remaining siblings 
were 21 to 33 years old and were normal. 

Case 1.—This patient was found to have 
cataracts and nystagmus shortly after 
birth. Motor milestones were normal, but 
progressive inversion of his feet and ham- 
mer toe deformities required heel cord sur- 
gery at age 16 years. Increasing lower 
extremity spasticity and ataxia necessi- 
tated use of crutches at age 18 years anda 
wheelchair at age 38 years. Cataract sur- 
gery at age 5 years was unsuccessful, re- 
sulting in noncorrectable visual impair- 
ment. He progressed through schools for 
the blind, and has been continuously em- 
ployed as a concession booth vendor. 

At age 40 years, he described a history of 
recent lower extremity numbness, inter- 
mittent urinary incontinence, and rare 
bowel incontinence. Corrected visual acuity 
was 20/200 bilaterally. There was a right 
esotropia and horizontal nystagmus of the 
left eye. Eye movements were full with both 
eyes showing gaze-evoked horizontal 
nystagmus on lateral gaze and oblique 
nystagmus on upgaze. Tongue movements 
were slow and he spoke with a mixed spas- 
tic-ataxic dysarthria of moderate degree. 
Resistance to passive manipulation was re- 
duced in the upper extremities, but 
strength was normal, and dystaxia was 
minimal. In the lower extremities, marked 
extensor spasms required him to walk by 
swinging his stiff legs between the crutches. 
Deep tendon reflexes were normal in the 
upper extremities, brisk and pendular at 
the knees, and absent at the ankles. Exten- 
sor plantar responses were present bilater- 
ally. Perception of light touch, pinprick, vi- 
bration sense, and position sense was 
mildly decreased below the knees. 

Cervical cord size was at the lower limits 
of normal on a myelogram, and the cere- 
brospinal fluid level protein was 1.34 g/L. 
Visual-evoked potentials were normal bi- 
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Fig 1.—Images from patient 1. Left, Intravenous contrast enhanced computed tomographic scans. Diffuse 
brain atrophy most marked in deep left supratentorial substance and cerebellar vermis. Right, Axial mag- 
netic resonance image, T,-weighted. Diffuse white matter signal aberration most marked in periependymal 
regions. 


laterally. Brain-stem-evoked potentials 
showed normal total latencies but pro- 
longed interpeak latencies suggesting both 
rostral and caudal brain-stem dysfunction. 
Somatosensory-evoked potentials were 
technically suboptimal on the left, but 
showed a prolonged median nerve to scalp 
latency on the right. Nerve conduction stud- 
ies in the upper extremities were unre- 
markable. In the lower extremities, motor- 
and sensory-evoked potential amplitudes 
were mildly reduced and conduction veloc- 
ities were mildly slowed. Electromyogra- 
phy was remarkable for absence of volun- 
tary motor activity in lower extremity mus- 
cles distal to the knees and for moderate 
fibrillation potentials in muscles supplied 
by S, roots bilaterally. Sural nerve biopsy 
showed a moderate reduction of myelinated 
nerve fibers. Gastrocnemius muscle biopsy 
showed atrophy of individual and small 
groups of fibers. The electrical and morpho- 
logic abnormalities were mild in degree and 
consistent with corticospinal tract involve- 
ment and radiculopathies. Karyotype was 
normal. Verbal IQ was 91, performance IQ 
was 67, and full-scale IQ was 78. 

Case 2.—This patient was also found to 
have cataracts and nystagmus in infancy. 
She walked at age 17 months and began 
speaking at 4 years of age. During adoles- 
cence, head oscillations prevented fixation 
of gaze. Leg spasticity became severe, ne- 
cessitating use of a walker. She had several 
episodes of excitability, rapid speech, and 
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auditory hallucinations requiring psychiat- 
ric hospitalization and psychotropic medi- 
cation. She progressed slowly through spe- 
cial schools and vocational workshops. She 
was unemployed, lived at home, and re- 
quired a moderate level of care. 

At age 37 years, corrected visual acuity 
was 20/800 bilaterally. Gaze was conjugate, 
but pendular nystagmus was present. Gaze 
was limited to the left and full to the right, 
and the eyes deviated to the right on upgaze. 
Horizontal gaze-evoked nystagmus was 
present. Mild ataxic-spastic dysarthria was 
present. She had truncal instability and a 
coarse resting tremor of the right arm. In 
the upper extremities, bulk, resistance to 
passive manipulation, and strength were 
normal, but there was moderate dystaxia. 
The legs were spastic, right more than left, 
with antigravity strength proximally but 
only trace movements distally. Deep tendon 
reflexes were hyperactive with clonus in the 
left upper and lower extremities. Bilateral 
extensor plantar responses were present. 
During standing, her knees were locked in 
extension; during walking, she thrust the 
walker forward and dragged her legs up to 
the walker. 

Brain-stem auditory-evoked potentials 
had normal absolute and interpeak laten- 
cies bilaterally, but the V/I wave amplitude 
ratio was less than 0.5 on the right, sug- 
gesting a central pathway abnormality. 
Verbal IQ was 59, performance IQ was 54, 
and full-scale IQ was 52. 


IMAGING FINDINGS 
CT and MR 


Patients 1 and 2 (studied at ages 40 and 
37 years, respectively) had moderate to se- 
vere diffuse brain atrophy and no patho- 
logic contrast enhancement on CT (Fig 1, 
left). Magnetic resonance delineated dif- 
fuse periependymal white matter disease 
(Fig 1, right). Atrophy of the cerebellar 
vermis was more marked in patient 1 than 
in patient 2. Sagittal images demonstrated 
the size of the cervical spinal cord to be at 
the lower limit of normal in patient 2. 


PET 


Positron emission tomography was per- 
formed on both patients (at ages 42 and 39 
years, respectively) and 12 normal volun- 
teers (7 women, 5 men, ages 22 to 53 years, 
with a mean age of 36 years). Positron 
emission tomographic scans were per- 
formed using ‘'F-2-fluoro-2-deoxy-D-glu- 
cose and a tomograph (PCT 4600A, resolu- 
tion 1.1 X 1.1 X 0.95 em) according to previ- 
ously described methods." Values of 
LCMRG (Table) in the patients were re- 
duced (Fig 2, left) compared with age- 
matched normal subjects (Fig 2, right), but 
not to a statistically significant degree. 
When normalized to cerebral cortex, LC- 
MRG in the thalamus was significantly de- 
creased in patient 1 (P < .02) and in both 
siblings when analyzed as a group of two 
(P <.01). On the LCMRG images (Fig 2, 
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Fig 2.—Positron emission tomographic scans showing local cerebral metabolic rate for glucose in a hor- 
izontal plane through the cerebral hemispheres. Metabolism in the thalamus is reduced in patient 1, left, 
compared with that in a control male subject of similar age, right. 


left), metabolic activity corresponding to 
the thalamus was unusually widely sepa- 
rated and is consistent with the low volume 
of deep brain structures. ; 


COMMENT 


The symptoms, signs, time course, 
and hereditary pattern?’ of our two 
cases were consistent with MSS. The 
symptoms of sensory disturbance in 
patient 1 may be attributed to a mild 
peripheral neuropathy from no identi- 
fiable cause, but similar electrodiag- 
nostic and morphologic changes have 
been noted previously in MSS. Prior 
to this study, images of the brain in 
MSS were derived from a limited num- 
ber of studies and yielded conflicting 
results. Brain CT was described as 
normal in one study.'® Atrophy of the 
cerebral cortex has been demonstrated 
by pneumoencephalography and 
CT,°"'? and atrophy of the cerebellum 
by CT.” This study used structural and 
metabolic imaging techniques in adult 
MSS patients with advanced symp- 
toms. The CT and MR studies demon- 
strated diffuse and, for the most part, 
symmetrical atrophy of supratentorial 
and infratentorial brain structures. 
Magnetic resonance demonstrated ab- 
normalities consistent with diffuse 
white matter disease, predominantly 
nodular and periependymal. The nod- 
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Local Cerebral Metabolic Rate for Glucose (LCMRG) in Two Patients With 
Marinesco-Sjégren Syndrome Compared With 12 Normal Subjects 


LCMRG, 


umol/100 g X min 
Aea 


LCMRG Normalized to 
Cerebral Cortex 
—.|—_— 3 


Patient No. Normal 
Subjects, 
Mean + SD 


Patient No. 
a Subjects, 
Region 1 2 Mean + SD 


Cerebral cortex 34.1-2°7.6 ` 
Caudate nucleus 39.4 + 8.2 1.17 
Lenticular nucleus 40.1+9.9 1.20 
Thalamus 39.0 + 9.4 1.14 
Cerebellar hemisphere 32:4 + 6:5 0.96 
Cerebellar vermis 29.0 + 5.6 0.86 
Brain stem 24.9 + 4.4 0.74 


Normal 








0.10 
0.10 
0.07 
0.09 
0.08 
0.09 

















H+ | I+ [lb [+ + [it ye 





* P< .02 comparing patient 1 with normal subjects by Dunnett's test. 
tP < .01 comparing both patients with normal subjects by t test. 


ular pattern of leukoencephalopathy is 
similar to that seen in other diseases of 
diffuse demyelination, such as lysoso- 
mal storage diseases.'* This similarity 
is relevant because of the recent dem- 
onstration of abnormal lysosomes in 
several patients with MSS.° The CT 
and MR findings differ from those in 
other progressive ataxias such as 
olivopontocerebellar atrophy, where 
the cerebral atrophy is far less marked 
than basis pontis atrophy and diffuse 
periependymal white matter signal 
abnormalities are not seen." Mild 
atrophy of the cervical cord in our pa- 
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tients also contrasts with Friedreich’s 
ataxia, where spinal cord atrophy is 
more severe.” 

The PET studies show focal hypome- 
tabolism only in the thalamus of pa- 
tient 1. There was no sensory dysfunc- 
tion referable to the thalamus. The 
thalamic hypometabolism could be in 
part an artifact related to wide sepa- 
ration of the thalami. The thalamus is 
largely surrounded by low metabolic 
white matter and cerebrospinal fluid 
that would result in greater partial 
volume effect. The PET data indicate 
that the cerebellar dysfunction in our 
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patients was not accompanied by an 
abnormality in cerebellar LCMRG. 
This is in contrast to findings in olivo- 
pontocerebellar atrophy where signif- 
icant hypometabolism in cerebellar 
hemispheres and vermis would typi- 
cally be found in patients with similar 
levels of motor dysfunction as in our 
patients.™? One explanation for this 
difference is that weakness and spas- 
ticity, in addition to ataxia, account for 
much of the motor dysfunction in MSS. 

Our finding of marked white matter 
involvement on imaging studies can be 
contrasted to the available pathologic 
data in MSS. Autopsy studies on two 
children show atrophy of the cerebel- 
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lar cortex with almost complete loss of 
Purkinje and granular cells and fibers, 
and lesser cell loss in deep cerebellar 
nuclei, pons, and inferior olivary 
nuclei.”? Among other disorders caus- 
ing cerebellar dysfunction, the reduc- 
tion in Purkinje cells in olivopontocer- 
ebellar atrophy is associated with cer- 
ebellar hypometabolism, while the 
preservation of Purkinje cells charac- 
teristic of Friedreich’s ataxia is ac- 
companied by normal or increased cer- 
ebellar metabolism.”'~ The number of 
MSS patients studied with metabolic 
imaging or at autopsy is small and the 
differences may reflect the young age 
of the subjects, or variable phenotypic 
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expression, as exemplified by differ- 
ences in spastic and ataxic components 
among patients.*** Patients with early 
cataracts, cerebellar ataxia, mental 
retardation, and a congenital myopa- 
thy may represent a variant of MSS or 
a distinct entity. Additional applica- 
tion of structural and metabolic imag- 
ing studies in MSS may be helpful in 
investigating these issues. 
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Unusual Cerebral Manifestations 
in Hereditary Fructose Intolerance 


P. Labrune, MD; S. Chatelon, MD; P. Huguet, MD; M. Odievre, MD 


© Five children with hereditary fructose 
intolerance developed symptoms of neu- 
tological impairment. In three of them, 
neurological involvement was related to 
the acute hepatic toxicity of fructose (hy- 
poglycemia, abnormal coagulation, car- 
diovascular collapse); in the other two, 
such a relationship could not be demon- 
strated. Neurological impairment is not 
classic in hereditary fructose intolerance, 
but its occurrence ‘in the acute phase of 
the disease is possible and does not con- 
stitute an argument against the diagnosis. 

(Arch Neurol. 1990:47:1243-1244) 


H ereditary fructose intolerance 

(HFT) is a metabolic disease of 
autosomal recessive inheritance. It is 
due to a deficiency of aldolase B (EC. 4. 
1. 2. 13), the enzyme catalyzing the ca- 
tabolism of fructose-1-phosphate 
(FIP): Recently, a molecular lesion 


_ has: been identified in the aldolase B 


gene. The main symptoms of HFI are 
abdominal pain, vomiting, and some- 
times hypoglycemia and severe liver 
dysfunction following the ingestion of 
fructose.'*> However, the central ner- 
vous system is not directly involved in 
HFI and only a few studies have noted 
neuromotor dysfunctions.** 

Five children with HFI presented 
unspecific neurological symptoms in 
the acute or late phase of the disease. 
They belong to a group of 55 patients 
with HFI, regularly followed up in our 
clinic.‘ i 

REPORT OF CASES 

Case 1.—This 3150-g female infant was 

the fourth child of unrelated parents whose 


first three children were healthy. Preg- 
nancy and neonatal period were uneventful. 
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The infant was breast-fed for 3 weeks, then 
she was fed a sucrose-containing formula. 
Soon after weaning, recurring bloody vom- 
iting developed. She was admitted at the 
age of 5 weeks. Results of physical exami- 
nation revealed cardiovascular collapse, 
firm hepatomegaly with jaundice, pale 
stools, and axial hypotonia with irregular 
breathing, and seizures. Biological analyses 
revealed hypoglycemia (0.5 mmol/L), he- 
patic cytolysis (alanine aminotransferase, 
273 IU/L), and abnormal coagulation status 
(factor V, <10%; factor II, <10%; fibrino- 
gen, 0.6 g/L); no fibrin split products were 
present and the platelet count was 105 
X10°/L. Two exchange transfusions were 
performed and resulted in clinical and bio- 
logical improvement. The infant was fed a 
sucrose-free formula. Hereditary fructose 
intolerance was proved by the finding of 
decreased hepatic F1P aldolase. activity. 
The infant was discharged at the age of 10 
weeks and results of physical examination 
were normal apart from hepatomegaly (in 
particular, results of a neurological exam- 
ination were normal). The infant was seen 
regularly and continued to develop nor- 
mally. At 10years old, atypical absence sei- 
zures occurred. The neurological examina- 
tion proved normal and her IQ was 105 on 
the Stanford Binet scale. Fundi, skull roent- 
genograms, and electroencephalogram re- 
vealed no abnormalities. Brain computed 
tomographic scan showed parieto-occipital 
hypodensities as observed after cerebral is- 
chemia. The child was given valproate and 
continued to develop normally. 

Case 2.—This 2600-g boy was born pre- 
maturely after a 32-week pregnancy. He 
was the first child of unrelated parents. He 
was fed a fructose-free formula; intermit- 
tent vomiting occurred when fruits were 
introduced. The infant was first admitted at 
the age of 6 months after the discovery of 
bilateral cataract on routine clinical exam- 
ination. Results of physical examination 
revealed mild delayed developmental mile- 
stones, hepatomegaly (4 em below the cos- 
tal margin) with pruritus and skin-itching 
lesions, bilateral cataract, and nystagmus. 
Infectious (rubella, toxoplasmosis, cytome- 
galovirus) and metabolic (galactosemia, 
aminoacidopathy, cystinosis) origin was 
ruled out (but HFI was not searched). The 
karyotype was normal. During hospitaliza- 
tion his diet was changed after an episode 


` of diarrhea, which contained large amounts 


of fructose. Within a few days vomiting re- 
appeared and hepatomegaly increased. Bi- 
ological analyses indicated hypoglycemia 
(1.6 mol/L), hepatic cytolysis (aspartate 
aminotransferase, 125 IU/L; alanine ami- 
notransferase, 360 JU/L), and abnormal 
coagulation status (prothrombin time, 
23%; factor V, 25%; factor II, 27%; fibrin- 
ogen, 1.8 g/L). Hereditary fructose intoler- 
ance was suspected and confirmed by the 
deficiency of hepatic F1P aldolase activity. 
The infant was fed a fructose-free diet and 
digestive troubles disappeared, while bio- 
logical test results quickly improved. Nev- 
ertheless, severe encephalopathy devel- 
oped: at 6 years old the child was not able 
to sit, did not talk, was blind, and had 
bilateral pyramidal symptoms. At 10 years 
old, the encephalopathy was so severe (IQ, 
40 on the Stanford Binet scale) that the pa- 
tient had to be hospitalized in a specialized 
institution. Seizures occurred at the age of 
17 years and were treated by valproate; at 
the same time, brain computed tomo- 
graphic scan showed quadriventricular di- 
latation and major cortical atrophy with 
wide sulci. 

Case 3.—This 2480-g boy was the first 
child of unrelated parents. The pregnancy 
was uneventful. At 3 days old, the infant 
became jaundiced while being fed a fruc- 
tose-containing formula; at 4 days he was 
noted to bruise easily and the anterior fon- 
tanelle was found to be prominent. Biolog- 
ical analysis indicated anemia (hemoglo- 
bin, 6 g/L) and abnormal coagulation status 
(prothrombin time, 30%; factor V, 18%; fi- 
brinogen, 0.3 g/L); the platelet count was 
normal and no fibrin split products were 
present. Meningeal hernorrhage was diag- 
nosed after analysis of cerebrospinal fluid. 
The infant received blood transfusions and 
enteral feeding was stopped and replaced 
by peripheric infusion for a few days. Clin- 
ical and biological data improved within 1 
week so the infant could be discharged at 
the age of 15 days, while still being fed a 
sucrose-containing formula. At 6 weeks old 
he was readmitted for intracranial hyper- 
tension with tensed fontanelle and recur- 
rent vomiting; the liver was enlarged (10cm `’ 
below the costal margin). Hydrocephalus 
was diagnosed and a ventriculoperitoneal 
shunt was inserted. The infant was dis- 
charged at the age of 3 months and was re- 
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admitted 3 months later because of failure 
to thrive (weight and height below the third 
centile). Apart from mild axial hypotonia, 
results of the neurological examination 
proved normal and the head circumference 
was also normal. The liver was found to be 
enlarged and firm and the coagulation sta- 
tus was similar to that of the neonatal pe- 
riod. Urinary analyses showed glycosuria 
and aminoaciduria. Hereditary fructose in- 
tolerance was suspected and confirmed by 
the assay of hepatic F1P aldolase. The 
infant was placed on a fructose-free diet; 
clinical and biological hepatic abnormali- 
ties quickly disappeared. 

At 2 years old, generalized tonoclonic 
seizures occurred (with documented gener- 
alized electroencephalographic discharge), 
which were treated by carbamazepine; de- 
layed developmental milestones were noted 
(IQ 56 on the Stanford Binet scale). Several 
seizures recurred until the boy was 4 years 
old. Finally, the child was treated with hy- 
dantoin and seizures did not recur (an elec- 
troencephalogram revealed generalized 
slow activity with spike wave). The psych- 
omotor development was severely impaired 
(the boy was trying to learn reading at 11 
years old). 

Case 4.—This 3300-g boy was the second 
child of unrelated healthy parents; his 
brother was also healthy. Pregnancy and 
neonatal period were uneventful. The in- 
fant was breast-fed for 3 weeks, then fed a 
fructose-free formula. Vomiting occurred 
when fruits were introduced in the diet. 
Nevertheless, the patient regularly re- 
ceived small amounts of fructose, through 
medical syrups in particular. At 3 years old, 
he was admitted because of delayed devel- 
opment in talking. His weight and height 
were 13 kg and 92 cm, respectively (SD, 
—1.5), and the liver was found to be en- 
larged (4 em below the costal margin). He- 
reditary fructose intolerance was sus- 
pected, which was then confirmed by the 
assay of hepatic F1P aldolase activity. The 
child was placed on a fructose-free diet and 
his physical development was considered to 
be normal during the following years. How- 
ever, at 4 years old, the boy was found to be 
mildly deaf (perception hearing loss of 
25%). This deafness was not improved by 
the diet, becoming total for the left side at 
the age of 7 years. Neurological examina- 
tion always proved normal and his IQ was 
100 on the Stanford Binet scale. An electro- 
encephalogram proved normal. Brain com- 
puted tomographic scan was not performed. 

Case 5.—This 3000-g female infant was 
the first child of unrelated parents. She was 
born at full term after an uneventful preg- 
nancy. She was breast-fed for 2 months, 
then she was fed a fructose-containing for- 
mula. Recurrent vomiting and anorexia de- 
veloped progressively, while failure to 
thrive became obvious (weight and height 
at —2 SD at the age of 6 months). When her 
daughter was 2 years old, the mother noted 
that she did not like sweet food; the child 
was placed on a fructose-free diet and vom- 
iting did not recur, while physical and psy- ` 
chomotor development was normal. At 11 
years old, the girl presented with general- 
ized tonoclonic seizures and was treated 
with phenobarbital. Hereditary fructose 
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intolerance was suspected -and proved by 
the assay of hepatic F1P aldolase activity; 
at this time, the liver was histologically 
normal. The neurological examination was 
normal and her IQ was 110 on the Stanford 
Binet seale. An electroencephalogram and 
brain computed tomographic scan proved 


» normal and the child was discharged on a 


regimen of phenobarbital. 
COMMENT 


Our five patients had HFI, proved by 
the deficiency of F1P aldolase hepatic 
activity. In opposition to other pa- 
tients with HFI (either in the litera- 
ture or in our group), these children 
presented several neurological symp- 
toms during or after the acute phase of 
fructose intoxication, such as seizures 
and epilepsy, intracranial hyperten- 
sion, tetraplegia, mental retardation, 
and deafness. Roentgenographic ex- 
aminations showed varied brain dam- 
ages: hydrocephalus, intraparenchy- 
matous hemorrhage, cortical atrophy 
with ventricular dilatation, and is- 
chemic or hypoxic lesions. Cerebral 
impairment appeared to be secondary 
to profound cardiovascular collapse in 
patient 1, to neglected and perhaps 
prolonged hypoglycemia in patient 2, 
and to hemorrhagic diathesis related 
to liver insufficiency in patient 3. No 
clear explanation cou:d be proposed 
for the deafness and seizures observed 
in patients 4 and 5, respectively. 

Hereditary fructose intolerance 
does not usually comprise neurological 
impairment, as galactosemia or non- 
treated phenylketonur‘a do. In the lit- 
erature, few studies are available and 
most of them concern infants who 
either died in the acute period or pre- 
sented early cerebral damage. Linde- 
mann et al? described two patients 
with HFI and early neurological im- 
pairment, comprising reeurrent cen- 
tral apneas and generalized seizures. 
Rennert and Greer® encountered a 6- 
month-old infant who developed tet- 
raparesis and mental retardation, in 
whom the diagnosis of HFI was made 
on postmortem specimens of liver tis- 
sue; no acute episode had ever occurred 
in this patient. Hypotonia, mental re- 
tardation, and micrccephalus were 
also reported in a chronically fructose- 
intoxicated infant. 

In some of these cases, microscopic 
studies of nervous tissues have been 
performed. Lindemann et al’ noted de- 
layed myelinization in the cerebral 
cortex, while it was found to be normal 
in the internal capsule. Rennert and 
Greer‘ found necrotic changes in many 
neurons and foci of neuronal necrosis 
in the cerebellum; spinal cord and pe- 
ripheral nerves were normal. Most of 
the lesions of the nervous tissue that 


have been rzported in HFI appeared to 
be due to tne metabolic consequences 
of the causal disease (hypoglycemia, 
hepatic failure, abnormal coagulation, 
hemodynamic collapse). The findings 
of Rennert and Greer‘ were consistent 
with this hypothesis (sequelae of hy- 
poxemia and hypoglycemia). Con- 
versely, Lindemann et al’ suggested a 
possible delayed myelinization related 
to the metabolic disorders that are 
frequently observed in HFI (therefore 
suggesting a possible neurological tox- 
icity of fructose or another unknown 
metabolite: 

The neurological impairment ob- 
served in our patients favors the hy- 
pothesis that profound and/or pro- 
longed metabolic disturbances may se- 
verely damage the central nervous 
system. A possible direct neurotoxicity 
of fructose (or one of its metabolites) 
was not demonstrated in patients 4 
and 5, and the possibility of coinciden- 
tal symptoms remains. 

In any case, the unusual presence of 
neurologic symptoms in the acute 
phase of the disease is not enough to 
exclude the diagnosis of HFI. The 
rapid disappearance of symptoms af- 
ter the beginning of a fructose-free 
diet will confirm the diagnosis. Se- 
quelae should be feared in all cases 
with severe and/or prolonged collapse, 
hemorrhagic diathesis, or hypoglyce- 
mia, sometimes after a long and un- 
eventful period. 
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Neurological Review 


Background Review 


and Current Concepts of Reperfusion Injury 


John M. Hallenbeck, MD, Andrew J. Dutka, MD 


oè We define the concept of reperfusion 
injury, and we present a background chro- 
nology of experimental work supporting 
and questioning this concept. We identify 
several new influences, such as current 
clinical interest in thrombolytic therapy for 
acute ischemia of heart and brain and the 
growing recognition of endothelium as a 
regulator of homeostasis. We propose that 
these influences will encourage a reexam- 
ination of reperfusion injury as a factor in 
the ultimate outcome of tissue exposed to 
reversible ischemia. We briefly discuss the 
major mechanisms presently implicated in 
reperfusion injury—loss of calcium ho- 
meostasis, free radical generation, leuko- 
cyte-mediated injury, and acute hypercho- 
jesterolemia. 

(Arch Neurol. 1990;47:1245-1254) 


[oring focal ischemia, the extent of 
parenchymal tissue damage re- 
lates closely to two factors: the level of 
blood flow during the ischemic interval 
and the duration of ischemia (Fig 1, 
top). 1,2 
On return of blood flow, there is a 
resumption of the principal functions 
of tissue perfusion: oxygen delivery, 
provision of substrates for metabo- 
lism, and clearance of metabolic 
wastes. The restored perfusion coun- 
teracts the ischemic injury process and 
serves to return at least some of the 
reversibly injured tissue to a func- 
tional state. However, there is a devel- 
oping consensus that return of blood 
flow in the postischemic period has a 
Interactions between 
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blood and the damaged tissue can lead 
to.further tissue injury. This theoret- 
ical construct implies that unmodified 
blood is not an ideal perfusate for re- 
flow to tissue subjected to prior is- 
chemia. Its reintroduction can actually 
contribute to parenchymal ceil loss as 
an unwanted side effect of its more fa- 
miliar capacity to salvage reversibly 
damaged cells. This paradoxically 
harmful aspect of blood flow return 
has been termed reperfusion injury 
(Fig 1, bottom), and the process has 
potential relevance to clinical medi- 
cine. Although reperfusion per se is 
essential to functional recovery and 
reduces the volume of tissue infarcted, 
a further reduction in tissue loss might 
be achieved by measures that counter- 


_ act reperfusion injury. The present re- 


view addresses the major mechanisms 
currently implicated in reperfusion in- 
jury as observed in brain, heart, and 
other organs. The role of excitotoxins 
is not emphasized in this review. 


BACKGROUND 


Reperfusion injury occurs in a vari- 
ety of tissues, but much of the work on 
these phenomena has been done in 
heart and brain. Concepts of reperfu- 
sion injury tend to emphasize similar- 
ities between mechanisms of cell death 
in various tissues rather than proper- 
ties unique to a given tissue. Concern 
about myocardial reperfusion was ex- 
pressed by Jennings et al’ in 1960, 
when they suggested that reperfusion 
may accelerate the development of ne- 
crosis in irreversibly injured myo- 
cytes. They observed an ultrastruc- 
tural appearance of “explosive swell- 
ing,” which included architectural 
disruption, contraction bands, and in- 
tramitochondrial calcium phosphate 
granules. In 1977, Bulkley and 
Hutchins’ reported the paradox of 
myocardial necrosis after successful 
revascularization by coronary artery 
bypass graft surgery and suggested 
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that the lesions were operation related 
and represented contracture due to 
calcium loading and myocardial cellu- 
lar edema in the distribution of widely 
patent arterial grafts. They further 
concluded that “prevention of intraop- 
erative myocardial injury must also 
focus on characteristics of the phase of 
myocardial reperfusion.” Studies by 
Greene and Weisfeldt’ and by Shine 
and Douglas? demonstrated that mea- 
sures instituted after the termination 
of ischemia, which attenuated the rise 
in myocardial cytosolic calcium, led to 
a reduction of tissue injury. Subse- 
quently, other workers have impli- 
cated cell swelling, white blood cell 
plugging of vessels, and free radical 
damage" in reperfusion injury of the 
heart. 

Ames and coworkers” focused at- 
tention on the contribution of reperfu- 
sion impairment to neural injury. 
Based on a disproportionately long 
survival of retinal ganglion cells éx- 
posed to anoxia in’culture (in which 
oxygen could diffuse directly to the 
cells when reintroduced rather than 
requiring an intact tissue perfusion) as 
compared with the rapidity with which 
ischemia in vivo leads to irreversible 
brain cell damage,” they postulated 
that recirculation of ischemic brain 
could become compromised and ac- 
count for the differences in neuronal 
vulnerability observed under the two 
conditions. This impairment of mi- 
crovascular reperfusion was attrib- 
uted primarily to two phenomena. The 
first was narrowing of the capillary 
lumen due to perivascular swelling and 
formation of endothelial blebs, and the 
second was increased blood viscosity. 
Fluid shifts into cells, with their sodi- 
um-potassium adenosine triphos- 
phatase pumps shut down by energy 
failure, were thought to underlie both 
the capillary narrowing and the mi- 
crovascular hemoconcentration with 
increased blood viscosity., This same 
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Fig 1.—Top, Interaction between the level of 
residual blood flow and the duration of is- 
chemia in an ischemic injury zone that deter- 
mines the amount and degree of tissue dam- 
age. During ischemia, lower residual flows are 
tolerated for shorter periods than higher resid- 
ual flows. LCBF indicates local cerebral blood 
flow. Bottom, The upper curve represents a 
theoretically optima! reperfusion devoid of-any 
injurious influence on the previously ischemic - 
tissue. The return of oxygen and substrates for 
metabolism and the clearance of metabolic 
wastes promote a rapid recovery of cellular 
function that reaches the maximum possible 
level and is sustained. In contrast, the lower 
curve denotes reperfusion injury with conse- 
quent retardation and attenuation of cellutar 
recovery. Furthermore, the maximal level of 
recovery is not sustained, but yields instead to 
progressive secondary damage. 


laboratory adduced experimental sup- 
port for these concepts in a series of 
articles.‘ In addition, others described 
the topography of “no reflow,” and 
published provocative studies have 
demonstrated the resumption of func- 
tion in cortical neurons after total is- 
chemia for periods of 30 minutes to 
1 hour if measures were taken to over- 
come reperfusion impairment.” 

The theory that vessel shutdown 
during ischemia could occur at a time 
when nerve cells were still potentially 
viable collided with a deeply ingrained 
tenet that neurons are uniquely sensi- 
tive to hypoxia and ischemia. The no- 
reflow theory was attacked on the 
grounds that the observed distribution 
of microvessel occlusion did not corre- 
spond to the distribution of neurons 
that exhibit selective vulnerability 
and that compression of the vascular 
lumen by swollen perivascular astro- 
cytes and swollen endothelial cells 
-with bleb formation was seldom ob- 
served in histopathological material." 
Several experiments in gerbils re- 
vealed that extensive postischemic 
neuronal damage could occur with a 
patent mi¢rovascular bed? and that 
elimination of focal microcirculatory 
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flow deficits by raising blood pressure 
had no effect on mortality. Some au- 
thors developed the view that no re- 
flow was a consequence of ischemic 
brain injury rather than a proximal 
cause of it.” 

The concept of a muitifocal impair- 
ment of reflow manifesting immedi- 
ately after ischemia and decreasing 
with time was modified and extended 
by consideration of “actodestruction” 
in models of spinal cord trauma and 
reperfusion problems encountered 
during autotransplantetion-of organs 
preserved by ex vivo perfusion.” Re- 
turning blood flow was viewed as hav- 
ing two dichotomous effects: (1) a well- 
established restorative effect and (2) a 
postulated capacity to undergo a mul- 
tifactoral interaction with damage tis- 
sue that could progressively shut down 
microcirculatory flows and contribute 
to further neuronal damage. Levy et 
al?? measured blood flow and metabo- 
lism in gerbils subjected to unilateral 
carotid occlusion, and they noted an 
immediate return of perfusion to the 
brain on release of the occlusion, fol- 
lowed in 10 to 30 minutes by a decline 
in flow for at least 4 hours with a coin- 
cident rise in the cerebral metabolic 
rate that disrupted the normal flow- 
metabolism couple. They introduced 
the term delayed postischemic hypo- 
perfusion to describe this phenome- 
non. Pulsinelli and colleagues” then 
documented this phenomenon in the 
four-vessel occlusion model that they 
had devised in rats. 

In 1981, Siesjo* published his specu- 
lative synthesis, which culminated 
with the insight that elevation of the 
cytosolic calcium level may be a pivotal 


. factor that leads to cell death in such 


diverse conditions as ischemia, hypo- 
glycemia, and status epilepticus. The 
disruption of calcium homeostasis was 
attributed to energy failure in is- 
chemia and hypoglycemia and to over- 
loading of calcium transport and se- 
questration mechanisms in status ep- 
ilepticus. Among many other studies, a 
provocative set of results reported by 
Schanne et al* in 1979 was cited in 
support of this hypothesis. Schanne 
and associates* had observed that the 
expression of toxicity of a variety of 
membrane toxins, added to cultured 
hepatocytes, depended on the presence 
of calcium in the culture medium. That 
is, calcium was required for the death 
of cells in that system. The clear and 
compelling reasoning in the communi- 
cation of Siesjo* focused attention on 
mechanisms for continuing cell dam- 
age that were intrinsic to the neuron 


and tended not to emphasize events at ` 


the blood-endothelial interface, Fur- 


ther interest in neuronal self-destruc- 
‘tion has been fostered by the ob- 
servation in a number of models that 
a process of delayed neuronal death 
can progress for days after 
brief ischemia? and may involve 
-excitotoxins, such as glutamate and 
aspartate acting via the N-methyl- 
‘D-aspartate® receptor to initiate an 
accumulation of calcium ion in the cy- 
tosol via agonist-operated channels. 
Because the transition of glutamate 
from neurotransmitter to neurotoxin 
may depend on elimination of the volt- 
age-dependent Mg** block of the 
‘N-methyl-D-aspartate receptor chan- 
nel by local interference with glucose 
and oxygen delivery as shown in cul- 
tured cerebellar neurons,” progressive 
‘microcirculatory flow shutdown could 
act in concert with excitotoxins to pro- 
duce delayed neuronal death. That is, 
these two potential mechanisms for 
delayed neuronal death may not be 
mutually exclusive. 

" In recent years, several new devel- 
opments have returned attention to 
blood elements, blood vessels, and 
blood flow in ischemically damaged 
‘tissue. The demonstration that coro- 
nary thrombi were obstructing vessels 
that supplied ischemic myocardium in 
the great majority of patients studied 
angiographically during the first hours 
of acute transmural myocardial in- 
faretion® and experiments that indi- 
‘cated that myocardium can be salvaged 
by reperfusion led to efforts to lyse the 
offending thrombi and reopen supply 
vessels.” Several trials of thromboly- 
sis in cerebrovascular disease are also 
under way.“ These initiatives bring to 
the fore the problem of reperfusion in- 
jury in a clinical setting. 

Another force that impels consider- 
ation of blood elements, blood vessels, 
and blood flow during and after is- 
chemia derives from work in endothe- 
lial cell tissue culture. Results of this 
work implicate endothelium as a regu- 
lator of hemostasis. Endothelium is 
not simply a passive, nonthrombogenic 
surface that separates blood from 
tissue.” It is endowed with ultra- 
structural specializations, such as pro- 
jections, caveolae, and microdomains. 
Indeed, endozhelial projections or mi- 
crovilli have been observed to prolif- 
erate after ischemia, indicating mem- 
brane activation and reducing to some 
degree the vascular lumen.” There is a 
carpet of molecules on the luminal 
surface of endothelium called the gly- 


- cocalyx that has not been fully charac- 


terized. It is 2 well-hydrated, complex, 
cross-linked polymer that contains fi- 
bronectin, a form of collagen, gly- 
cosaminoglycans, and probably fibrin 
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we 


and fibrinogen. The apparent func- 
tions of the glycocalyx include regu- 
lating and restricting access te surface 
receptors and enzymes and, also, mo- 
lecular sieving. ~ 

Under normal circumstances, the 
endothelium presents to the blood an 
actively anticoagulant and antithrom- 
botic surface. The thrombomodulin- 
protein C-protein S system is a major 
contributor to this anticoagulant 
property.” Thrombomodulin on the 
endothelial surface binds thrombin 
and alters that molecule so that fibrin- 
ogen is no longer a substrate, and 
instead, the thrombomodulin-throm- 
bin complex activates protein C. Pro- 
tein C is bound to the endothelial cell 
surface and also to the surface of other 
cell membranes by protein S and in the 
bound state will inactivate factors V 


` and VIII and will also inactivate tissue 


plasminogen activator (TPA) inhibi- 
tor. Tissue plasminogen activator is 
also released from the endothelium.” 
It is a serine-centered protease of 
about 68 to 70 kd, and it activates plas- 
minogen by cleavage of a single argi- 
nine-valine bond. It converts very little 
plasminogen to plasmin in the absence 
of fibtin, but when fibrin is present, its 
activity increases by two to three or- 
ders of magnitude. This enzyme there- 
fore has a predilection for lysis of 
local clot rather than circulating 
fibrinogen.” Heparinlike molecules 


have been demonstrated on the endo- 
thelial surface by iodine 125-anti- 
thrombin III binding studies.” Prosta- 
cyclin is produced in response to vari- 
ous forms of membrane perturbation 


nuded for the study of platelet adhe- 
sion and aggregation and, also, to in 
vitro collagen-induced platelet aggre- 
gation studies, suggesting the need for 
subendothelial collagen (said actually 
to be of a nonthrombogenic type). 
The procoagulant property of endo- 
thelium involves many facets. Tissue 
factor expression, which initiates the 
extrinsic pathway of coagulation, is 
stimulated by thrombin, interleukin 1 
(IL-1), tumor necrosis factor (TNF), 
and other stimuli.” Interferon 
gamma or the presence of other cells, 
such as platelets, leukocytes, lympho- 
cytes, and probably also monocytes, 
greatly increases the expression of tis- 
sue factor in response to any given 
stimulus.” Such expression requires 
RNA and protein synthesis. 
Endothelial cells are both a source 
and a target for IJL-1.° Synthesis of 
this cytokine is stimulated by TNF and 
endotoxin. Interleukin 1 induces ex- 
pression of endothelial cell procoagu- 
lant activity (tissue factor), forma- 
tion of` platelet activating factor 
(PAF), and inhibition of protein S 
membrane binding interfering with 
the thrombomodulin-protein C-pro- 
tein S system,” and it also induces ex- 
pression of surface receptors for leu- 
koeyte binding,” the endothelium-leu- 
kocyte adhesion molecules. Another 
leukocyte adhesion molecule, intercel- 
lular adhesion molecule-1, is ex- 
pressed on endothelial cells on stimu- 
lation with TNF and IL-1. Endotheli- 
tum-leukocyte adhesion molecule and 
intercellular adhesion molecule-1 re- 
ceptors require 4 to 6 hours for maxi- 


trienes with appropriate stimulation.” 
Among the multiple effects of leuko- 
trienes are chemotaxis for various leu- 
kocytes, vasoconstriction, and in- 
creased vascular permeability. 

Endothelial cells produce PAF in 
response to IL-1, thrombin, and a num- 
ber of phlogistic mediators.“ Prosta- 
cyclin that tends to be concurrently 
released feeds back and inhibits the 
release, to some extent, of PAF.“ The 
effects of PAF include platelet accu- 
mulation and aggregation, accumula- 
tion. and activation of leukocytes, . 
increased vascular permeability, vaso- 
constriction, activation of macro- 
phages to produce IL-1," and modula- 
tion of TNF production by activated 
macrophages.” 

Endothelial cells provide a physio- 
logically important surface for the ac- 
tivation of prothrombin.” They bind 
and promote activation of factors IX 
and X in the absence of platelets and 
exogenous lipid.” Each cell can bind on 
the order of 9 million molecules of fac- 
tor X. They also synthesize, express, 
and release factor V.” 

A rapid inhibitor of TPA with a mo- 
lecular weight of about 50 kd is pro- 
duced by endothelial cells.” The con- 
centration of this protease is normally 
less than 10 ng/mL, but baseline con- 
centrations can increase 50-fold or 
more in severely ill patients or after 
surgery.” It is interesting that TPA 
and TPA inhibitor concentrations in 
blood tend to undergo a diurnal varia- 
tion, with a relatively prothrombotic 


` state (a low TPA and a high TPA 


inhibitor) occurring early in the 





mines the amount of vasocon- 
striction.” With endothelial cell dam- 
age, the unopposed mediators of vessel 
contraction lead to enhanced vasocon- 
striction and, potentially, a reduction 
of blood flow to critical levels. In addi- 
tion to its influence on vasomotor tone, 
endothelium-derived relaxing factor 
has also been shown to inhibit adhe- 
sion of platelets to endothelium.” 

A 2l-residue vasoconstrictor pep- 
tide has been isolated from endothe- 
lium, sequenced, and designated 
endothelin.” It is the most potent 
mammalian vasoconstrictor known to 
date. : 

_ + Thus, the intricate and interwoven 

mechanisms that are being elucidated 
in endothelial cell tissue culture con- 
fer on the blood-endothelial interface 
the capacity for a variety of cell-dam- 
aging reactions during ischemia and 
reperfusion. Such studies will encour- 
age a reexamination of local blood and 
vessel wall interactions during the 
early return of blood flow to previously 
ischemic tissue. 


MAJOR POSTULATED MEDIATORS OF 
REPERFUSION INJURY 
Caicium 


Calcium has been implicated in 
reperfusion injury under several cir- 
cumstances. Zimmerman and Huls- 
mann” described a “calcium paradox” 
in which hearts perfused with calcium- 
free media for a brief period developed 
sarcolemmal damage, such that rein- 
troduction of calcium caused massive 
intracellular influx of this ion with 
consequent tissue disruption, enzyme 
release, development of contracture, 
and marked reductions of high-energy 
phosphate stores. This circumstance is 
peculiar to situations in which a heart 
is temporarily exposed to an artificial 
perfusate that is deficient in calcium. 
Young” has extended this concept to 
traumatically or ischemically injured 
brain. Extracellular calcium in these 
injured areas has been observed to fall 
from concentrations greater’ than 
1 mmol to less than 0.01 mmol within 
seconds to minutes as this cation pours 
into those critically injured cells that 
have lost their capacity to maintain 
calcium homeostasis. The calcium con- 
centration in the extracellular space 
then rises during a period of hours due 
to calcium diffusion from surrounding 
tissues. The surviving neurons in the - 
lesion site, which initially maintained 
their calcium homeostasis, may there- 
fore be exposed to the same stimuli 
that produce the calcium paradox in 
cardiac tissues. Delayed acceleration 
of tissue damage has been observed to 


occur at about the time extracellular — 
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calcium concentration recovers in 
models of traumatic and ischemic neu- 
ronal injury. This delayed neuronal 
damage has been attributed to a cal- 
cium paradoxlike reaction that occurs 
in injured nervous system tissues on 
restoration of extracellular calcium 
levels toward normal. 

Calcium homeostasis can also be 
disrupted by ischemia (Fig 2)***!* due 
to interference with sodium-potas- 
sium adenosine triphosphatase func- 


tion, which depolarizes cell mem- | 


branes and permits intracellular so- 
dium accumulation. This can cause 


. opening of voltage-dependent calcium 


channels and reverse the sodium-cal- 
cium antiport system, such that cal- 
cium enters the cell as sodium is ex- 
truded. The major emphasis in the 
neuroscience literature is currently on 
the activation of N-methy]-D-aspar- 
tate receptors in response to gluta- 
mate and other excitotoxins that are 
released during and after ischemia 
with a consequent rise of cytosolic cal- 
cium. Calcium-activated nonspecific 
cation channels may also be opened. In 
addition, sequestering mechanisms 
within cells become impaired, and cal- 
cium moves from the endoplasmic re- 
ticulum into the cytosol. The cellular 
disturbances associated with elevation 
of cytosolic calcium include activation 
of proteases and phospholipases 
(which can lead to free radical gener- 
ation), membrane damage, and forma- 
tion of arachidonic acid metabolites. 
Also, mitochondria can become over- 
loaded with calcium, which impairs 
production of adenosine triphosphate. 
Reperfusion can cause an acute accel- 
eration of calcium influx into cells by 
injuring cell membranes with a conse- 
quent increased membrane perme- 
ability.*” 

The exact role of cytosolic calcium 
accumulation in the evolution of neu- 
ronal and myocardial injury after is- 
chemia remains to be elucidated, but 
there is considerable evidence that is- 
chemia and reperfusion are associated 
with a severe disruption of calcium 
homeostasis. Recent reports demon- 
strate, however, that considerable 
functional impairment can occur in 
the absence of calcium entry into cells® 
and that the concentration of intracel- 
lular calcium can rise considerably 
without leading to permanent dam- 
age. Moreover, the results of calcium 
channel blocker treatment trials have 
been mixed in a variety of models.” 
The contribution of intracellular cal- 
cium flooding to cell death during is- 
chemia and reperfusion should be 
viewed not as established fact but 
rather as an attractive hypothesis that 


is currently undergoing intensive 


evaluation.? 


Free Radicals 


The following is based on three 
reviews.” A free radical is a molecule 
or molecular fragment that contains 
one or more unpaired electrons in its 
outer orbital and is, in effect, an open 
bond. The presence of an unpaired sin- 
gle electron in the outer orbital of a 
free radical is conventionally repre- 
sented by a superscript dot (RV). Mo- 
lecular oxygen is a biradical with an 
unpaired electron in each of its two 
outer orbitals, both spinning in the 
same direction (ie, parallel), which re- 
duces the reactivity of this biradical 
because its divalent reduction by di- 
rect addition of a pair of electrons is 
restricted. Most of the electron donors 
available to oxygen will have electrons 
with antiparallel spins that occupy the 
valence orbitals, as this is a lower en- 
ergy condition. For molecular oxygen 
to remove two electrons concomitantly 
from a nonracical molecule that has 
the normal outer orbital configuration 
of pairs of electrons spinning in oppo- 
site directions, an electron spin inver- 
sion must first occur during the asso- 
ciation of oxygen with the reducing 
agent. 

Because the spin inversion process is 
slow (=10 seconds) compared with 
the lifetime of collisional complexes 
(210-» seconds), oxygen in its ground 
state is a relatively weak oxidant. The 
restriction in the oxidizing capabilities 
of molecular oxygen is removed when 
it acquires one electron at a time be- 
cause under these circumstances, spin 
inversion need not occur. This is the 
univalent pathway of oxygen reduc- 
tion (Fig 3), and sequential addition of 
one electron after another to molecu- 
lar oxygen produces first the superox- 
ide anion radical (O,*), then hydrogen 
peroxide (H,0,), and then the hydroxyl 
radical (OH `), followed by water as the 
final product. 

The reactivity of molecular oxygen 
can be increased by reactions that in- 
vert the spin of one of the electrons in 
its two outer orbitals. The UV spectra 
of such oxygen molecules contain sin- 
glet lines that indicate the presence of 
electrons with antiparallel spins in the 
outer orbitals. These molecules, 
termed singlet oxygen, are highly re- 
active because of the removal of quan- 
tum mechanical spin restriction so 
that they can undergo divalent reduc- 
tion. There are two types of singlet ox- 
ygen, a short-lived sigma singlet oxy- 
gen ('Zg*) in which the electrons oc- 
cupy separate orbitals and a a longer- 
lived delta singlet oxygen (‘AgO,) in 
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which the two electrons occupy the 
same orbital and have opposite spin 
directions. Singlet oxygen can be 
formed by light, acting on molecular 
oxygen in the presence of a photosen- 
sitizer. Other postulated reactions in- 
volve dismutation of the superoxide 
anion radical and the oxidation of ha- 
lides by hydrogen peroxide, a reaction 
catalyzed by myeloperoxidase, as oc- 
curs during the antimicrobial activity 
of inflammatory cells. Delta singlet 
oxygen does not fulfill the definition of 
a free radical but can rapidly oxidize 
many molecules, including polyunsat- 
urated fatty acids in cell membranes. 

Although a number of enzyme sys- 
tems appear to be capable of catalyzing 
the univalent reduction of molecular 
oxygen to the superoxide anion radical, 
interest in the reperfusion injury field 
has been focused primarily on two 
major systems, the xanthine oxidase 
system” and the nicotinamide-adenine 
dinucleotide phosphate with the re- 
duced form (NADP[H])), NAD[H] oxi- 
dase system (Fig 4).* Due to the low 
levels of xanthine oxidase in brain, the 
relevance of the xanthine oxidase sys- 
tem to reperfusion injury in that organ 
remains an open question. Several re- 
cent articles suggest that xanthine ox- 
idase is formed in ischemic brain and 
may generate free radicals and con- 
tribute to neuronal injury during 
postischemic reperfusion.” 

Another potentially important 
source of the superoxide anion radical 
during ischemia is a “univalent leak” 
of this radical species from the mito- 
chondrial electron transport system. 

The next step in the univalent re- 
duction of oxygen involves conversion 
of the superoxide anion radical to 
H,0,. This can occur spontaneously but 
is greatly accelerated by the enzyme, 
superoxide dismutase, in the following 
reaction: 


O°, +07, + 2H* > H,0, + 0, 


The OH’, the next step in the univa- 
lent O, reduction pathway, can be 
formed via two reactions: (1) The 
“Fenton” reaction, : 


Fe? + H,O, — Fet + OH + OH- 
and (2) the iron-catalyzed “Haber- 
Weiss” reaction, 
Or + H,0, — Fe* 0, + OH" + OH-. 
Due to the reactivity of OH’, no en- 
zyme systems exist that involve it as a 


substrate. Instead, all efforts of the cell 
are directed at avoiding its formation. 


‘The superoxide anion radical is scav- 


enged by superoxide dismutase, so that 
itis not available for the Haber-Weiss 
reaction and H,0, can be removed by 


reactions catalyzed by glutathione | 
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Fig 2.—A 10 000-fold concentration difference between intracellular and extracellular calcium and 
the internal negativity of the cel create a steep electrochemical gradient for calcium entry, which 
is normally tightly regulated by voltage- and agonist-dependent channels. Calcium that does enter 
can be extruded by means of a number of adenosine triphosphate (ATP)-dependent processes, 
including a calcium-activated ATPase and an electrogenic (3:1) Na*/Ca?* antiport system driven 
by the sodium gradient that is i:self maintained by the sodium-fotassium ATPase. Excess intra- 
cellular calcium can be sequestered in endoplasmic reticulum (ER) by an ATP-dependent process 
and can also associate with a variety of calcium-binding proteins (CaBP). Mitochondria possess 
a high-capacity uniport mecharism for calcium uptake, which relies on the potential across the 
inner mitochondrial membrane to translocate electrophoretically calcium internally. intramitochon- 
drial calcium levels can normaly be regulated by an antiport system that exchanges 2 Nat for 
1 Ca?*. As the capacity of this 2fflux pathway is less than 10% of the influx pathway, it can be 
overwhelmed under conditions of markedly elevated levels of free cytosolic calcium. During 
ischemia, ATP production becomes impaired, and ATP-dependert processes fail. Membrane gra- 
dients for sodium and potassium cannot be maintained, and the membrane depolarizes opening 
voltage-dependent calcium channels. Excitatory neurotransrritters, glutamate (GLUT), and 
aspartate (ASP), are released end act via the N-methyl-p-aspariate receptor to increase further 
calcium influx. As intracellular scdium rises, the Na*/Ca?* antiport system becomes reversed and 
translocates calcium into the ce]; Sequestration mechanisms besome overwhelmed or stalled by 
lack of ATP, and mitochondria tecome flooded with calcium (modified from Siesjo'), 





peroxidase, brain trauma with acute hyper- 

2 GSH + H,0, > GSSG + 2H,0 tension.” Such perturbation activates 

and catalase, phospholipases in the vessel wall, lead- 

: ing to a release of free arachidonate. 
2H,0, — O, + 2H,0. The released free arachidonate causes - 


If these protective reactions should 
become insufficient to contzin free rad- 
icals as they are formed, O°, and H,0, 
can diffuse across cell membranes to 
the extracellular space in which an- 
tioxidant defense mechanisms are rel- 
atively sparse. In the presence of trace 
concentrations of transition metal 
ions, OH’ is formed that can initiate 
free radical chain reactions in cell 
membranes, causing peroxidation of 
polyunsaturated fatty acids. Such per- 
oxidation severely damages the cell 
membrane and causes loss of mem- 
brane fluidity and collapse of trans- 
membrane ionic gradients. 

A novel pathway for superoxide gen- 
eration in response to vessel injury has 
been elucidated and experimentally 
supported principally in models of 


accelerated metabolism via cyclooxy- 
genase, producing PGG, (a cyclic en- 
doperoxide) that is then converted to 
PGH, (a eyelic endoperoxide) by the 
hydroperoxidase reaction. This step 
generates superoxide as a by-product 
that escapes to the extracellular space 
via the anion channel. Subsequent re- 
actions can form H,O, and OH’, caus- 
ing membrane damage to cells of the 
vessel wall. As with disruption of cal- 
cium homeostasis, the importance of 
oxygen-derived free radical formation 
in reperfusion injury is a research 
question uncer active investigation. 


Leukocytes 


The scope and diversity of possible 
leukocyte reactions in a zone of tissue 
injury that may involve rheologic ef- 
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Fig 3.—The univalent pathway of oxygen re- 
duction (where e” is electron and H+, hydrogen 
ion). 


fects, toxic oxygen products, granule 
constituents, and phospholipase prod- 
ucts qualify these cells for 4a. central 
role in many of the postulated modes of 
reperfusion injury.” As large, stiff, 
viscoelastic cells that adhere to endo- 
thelium, activated leukocytes can ob- 
struct individual capillaries in an is- 
chemic injury zone and increase diffu- 
sion distances for oxygen within the 
microenvironment of individual nerve 
cells.” Leukocytes can also generate a 
variety of reduced oxygen products 
that are capable of initiating lipid 
peroxidation in cell membranes and 
damaging key intracellular compo- 
nents.” In addition, neutrophil gran- 
ules contain a number of constituents 
capable of mediating tissue injury!" 
It was initially assumed that extracel- 
lular release of cytotoxic products oc- 
curred only after the death of neutro- 
phils in inflammatory lesions, but it is 
now recognized that viable leukocytes 
that have been activated can release 
such products. Also, activation of 
phospholipases in leukocytes can ini- 
tiate a cascade of reactions that pro- 
duce such vasoactive substances as 
leukotrienes -and PAF. Vasocon- 
striction, increased permeability, and 
increased leukocyte adherence are 
among the vascular effects of these 
mediators. 

There are a variety of endogenous 
inhibitors and regulators of leukocyte- 
mediated vascular injury. These in- 
clude chemotactic factor inhibitor,” 
neutrophil-derived proteases,“ and 
neutrophil-generated oxidants’ that 
inactivate chemotaxins,. and plasma 
factors that inactivate PAF’ and neu- 
tral proteases.” Scavengers! and 
antioxidant enzymes," which clear 
neutrophil-generated oxidants, also 
participate. There is.an apparent re- 
quirement for neutrophil adhesion be- 
fore endothelial cell damage by acti- 
vated neutrophils can proceed.” Adhe- 
sion under these circumstances seems 
to create an environment that is pro- 
tected from endogenous inhibitors and 
thus permits leukocyte-mediated vas- 
cular injury to progress unhindered. 
This apparent requirement supplies a 
rationale for therapy directed at in- 
hibiting leukocyte adhesion. 
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Fig 4.—Two free radical generating systems are depicted. The nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase system in leukocyte membranes (neutrophils, eosinophils, mono- 
cytes, and macrophages) has a pyridine nucleotide binding site on the cytoplasmic surface and 
an O,° forming oxidase component in the lipid bilayer so that O,” is generated on the external sur- 
face of the plasma membrane. Subsequent reactions produce hydrogen peroxide (H,O,) that can 
combine with Ci? in a reaction catalyzed by myeloperoxidase to produce -hypochiorous acid 
(HOC). The xanthine oxidase system is concentrated in endothelium. During ischemia, xanthine 
dehydrogenase is converted by a calcium-activated protease (possibly calpain) to xanthine ox- 
idase, an enzyme that produces O,°, H,O,, and uric acid from hypoxanthine and molecular oxy- 
gen. The hypoxanthine substrate that is supplied by the ischemia-induced degradation of adenine 
nucleotides and molecular oxygen, which is not shown in the diagram, becomes available during 
reperfusion. ATP indicates adenosine triphosphate; ADP, adenosine diphosphate; and AMP, ad- 


enosine monophosphate. 


Relative to the red blood cell, the 
leukocyte has roughly couble the vol- 
ume, a coefficient of viscosity that is 
2100 times greater, and an entry time 
into capillaries that is three orders of 
magnitude greater.” Activated leu- 
kocytes undergo receptor-mediated 
adhesion to intact endothelium by 
means of the CD11/CD18 receptor 
complex on leukocytes!” and corre- 
sponding receptors on endothelial cells 
that are of two described types: (1) the 
endothelial-leukocyte adhesion mol- 
ecule® and intercellular adhesion mol- 
ecule-1.'° Expression af receptors on 
leukocytes is stimulated by N-formyl- 
methionyl-leucyl-phenylalanine “and 
PAF. Receptor expression on endothe- 
lial cells is stimulated by IL-1. Li- 
popolysaccharide, TNF, and leuko- 
triene B4 stimulate receptor expres- 
sion on both leukocytes and endo- 
thelial cells." 

Evidence has been adduced by En- 
gler et al!" that leukocytes can ad- 
here to endothelium within an is- 
chemic zone of myocardium during 
both the ischemic and the early reper- 
fusion periods and block more than 
half of the available capillaries. One 
adherent leukocyte, trailed by a 


rouleau of packed red blood cells, tends 
to occlude each involved capillary. 
Measured blood flow can progressively 
decrease during ischemia and reperfu- 
sion, particularly in the endocardium, 
but a considerable percentage of indi- 
vidual capillaries can become ob- 
structed without increasing total rest- 
ing vascular resistance or decreasing 
average flow because of the parallel 
arrangement of channels. Obstruction 
of several adjacent capillaries may re- 
sult in underperfusion of individual 
cells, however. In an area neighboring 
the blocked capillaries, mean diffusion 
distances for oxygen, normally about 
1.5 cell diameters, can be increased, 
and the local partial pressure of oxy- 
gen can approach zero. A process of 
this sort that causes scattered occlu- 
sions in the capillary network could 
expose individual cells to a hypoxic 
microenvironment but would largely 
escape detection by the current tech- 
niques for measuring blood flow. Gran- 
ulocytes, labeled with indium 111, have 
been observed to accumulate as early 
as 1 hour after a 60-minute period of 
brain ischemia in an incremental air 
embolism model in the dog, and the 
degree of accumulation has shown an 
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Narn 


zk. 


inverse relationship with local blood 
flow and evoked response recovery. 
Neutrophils and macrophages un- 
dergo a respiratory burst in which ox- 
ygen consumption increases twofold to 
20-fold and glucose metabolism via 


the hexose monophosphate shunt - 


increases.” Greater than 90% of the 
oxygen consumed during this respira- 
tory burst can be accounted for by O°, 
secretion. The enzyme system respon- 
sible for O”, generation has been iden- 
tified as a membrane-associated nico- 


tinamide-adenine dinucleotide phos- 


phate (NADP[H], NAD[H] oxidase 
(Fig 4). : 

Release of granule constituents 
from leukocytes could potentially ex- 
tend tissue damage in an ischemic in- 
jury zone. Weiss,!? in a recent review 
of tissue destruction by neutrophils, 
has described an intricate interaction 
between NADPH oxidase-derived ox- 
ygen metabolites and granule-based 
toxins that had been formulated dur- 
ing the course of millions of years of 
evolution. Superoxide, generated by 
the neutrophil, is rapidly converted to 
H,0,. The hydrogen peroxide is con- 
verted almost quantitatively by the 


very abundant enzyme, myeleperoxi- _ 


dase (constitutes up to 5% of the dry 
weight of neutrophils), to hypochlo- 
rous acid in the following reaction: 


H,0, + Cl + H+ 


Myeloperoxidase, 


HOCI + H,0. 


Hydroxy! radical production by the 
neutrophil has not been demonstrated. 
Hypochlorous acid is the sole active 


- ingredient in household liquid bleach, 


and a million neutrophils can produce 
a sufficient amount to destroy 150000 
Escherichia coli organisms in millisec- 
onds. In a physiologic environment, 
HOCI reacts with primary or second- 
ary amines to generate a complex fam- 
ily of nitrogen-chlorine (N-Cl) deriva- 
tives termed chloramines'™. 
R’ RNH + HOC] > R’RNC] + H,0. 


The question arises as to whether 
HOCI and chloramines are cytotoxic in 
vivo. Some clinical data bearing on this 
question emerge from experience in 


World War I in which HOCI and chlo- - 


ramines were given in large quantities 
to wounded soldiers as a local irriga- 
tion solution to combat infection. Mi- 
crobes in the wounds were killed, but 
the HOC] and chloramine did not seem 
to cause tissue damage or interfere 
with wound healing.” 

Oxidants as a mediator of tissue 
damage tend to be short lived, react 
only once, and cannot select targets. 
Enzymes, stored in neutrophil gran- 
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ules, are long lived, react repeatedly, 
and can select targets, all of which 
would seem advantageous. Of more 
than 20 enzymes in neutrophil gran- 


‘ules, three have the greatest potential 


to mediate tissue destruction. One is a 
serine proteinase, elastase. The other 
two are metalloproteinases, collage- 
nase and gelatinase. Despite the de- 
structive potential of proteinases, neu- 
trophil oxidants remain the focus of 
most of the current literature as final 
mediators of tissue damage for three 
reasons. First, there are powerful 
plasma antiproteinases in vivo that 
rapidly and irreversibly inhibit the 
serine proteinases. Second, metallo- 
proteinases are synthesized in latent, 
inactive forms, and physiologically 
relevant mechanisms of activation 
have been heretofore obscure. Third, 
antioxidants exert strong anti-inflam- 
matory effects in a number of experi- 
mental models. 

Elastase can degrade almost all 
components of the extracellular ma- 
trix, cleave immunoglobulins and com- 
plement and clotting factors, and at- 
tack intact cells.” It is inhibited in 
vivo by a-proteinase inhibitor prima- 
rily and also by œ macroglobulin and 
secretory leukoproteinase inhibitor. 
The a,-proteinase inhibitor forms an 
irreversible enzyme-inhibitor complex 
at a rate that approaches the diffu- 
sion-controlled limit, so that the half- 
time of elastase in vivo is about 
0.6 milliseconds, and all activity is in- 
hibited in about 3 milliseconds.’ Chlo- 
rinated oxidants destroy the antipro- 
teinase shield. A critical methionine at 
position 358 on the a,-proteinase in- 
hibitor becomes oxidized, causing a 
2000-fold decrease in the rate of asso- 
ciation between neutrophil elastase 
and the modified a,-proteinase inhibi- 
tor. Asa result, the in vivo half-time of 
elastase increases from 0.6 millisec- 
onds to 1.2 seconds. a,-macroglobulin 
and secretory leukoproteinase inhibi- 
tor are also oxidatively inactivated. 
This creates a microenvironment in 
which elastase can attack host tissues. 
Neutrophil collagenase and gelatinase 
degrade various forms of collagen. 
These enzymes, however, are released 
in latent, inactive forms,“ but HOCI 
can activate them.” i , 

It appears, then, that oxidation 
products, such as HOC! and chlora- 
mines, can combine with granule- 
based proteinases and enable neutro- 
phils to subvert all the intrinsic and 
host-erected barriers that normally 
serve to protect host tissue from in- 
jury. By inactivation of a series of key 
proteinase inhibitors and the simulta- 
neous activation of latent proteinases, 


. neutrophils can create an environment 


in which. elastase, collagenase, and ge- 
latinase are able to exert destructive 
effects more efficiently and with greater 
specificity than could be achieved by ox- 
idants alone, Although this model is 
very attractive, and cell damage by ex- 
tracted granule constituents has been 
demonstrated in a number of models in 
vitro (as summarized by Harlan”), the 
role of these enzymes in reperfusion in- 
jury has not been directly studied. 

Leukocyte accumulation during is- 
chemia and reperfusion has been dem- 
onstrated in a variety of organs, and 
direct and indirect evidence has been 
adduced by participation of leukocytes 
in reperfusion injury through rheo- 
logic effects, toxic oxygen products, 
granule constituents and phospholi- 
pase products. However, as in adult 
respiratory distress syndrome where 
increased alveolar capillary mem- 
brane permeability is often attributed 
to neutrophil mediation, there are sev- 
eral possible relationships between 
neutrophil accumulation and the de- 
velopment of lung pathology that re- 
quire critical analysis before accepting 
a causal role for neutrophils, 


Cholesterol 


Brief periods of high-cholesterol in- 
take, lasting several days to several 
weeks and leading to hypercholester- 
olemia, may cause an acute injury to 
endothelium through an unidentified 
mechanism. Such dietary indiscretion 
might also exacerbate reperfusion in- 
jury in the event of myocardial is- 
chemia. Isolated, perfused hearts from 
rabbits that were fed normal chow 
that had been supplemented with 2% 
cholesterol for 2 to’3 weeks were sub- 
jected to 30-minute ischemia, followed 
by 3.5 hours of reperfusion.” Vascular ` 
permeability (indicated by uptake and 
clearance of iodine 125-bovine serum - 
albumin) and vascular resistance were 
increased during reperfusion in these 
hearts compared with those from ani- 
mals that were fed normal chow or fed 
cholesterol-supplemented chow for 
longer periods (5 to 16 weeks). 

Cholesterol supplementation for 2 to 
3 weeks was also associated with in- 
creased vascular permeability in the 
absence of ischemia in this study, sug- 
gesting that the altered metabolic mi- 
lieu accompanying an abrupt increase 
in cholesterol consumption directly in- 
jures coronary endothelium. These ef- 
fects are independent of occlusive cor- 
onary artery disease produced by the 
atherogenic influence of chronic hy- 
percholesterolemia. Indeed, the direct 
toxicity to the vasculature disappears 
during protracted states of elevated 
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cholesterol. 

Golino et al have demonstrated 
that infarct size in acutely hypercho- 
lesterolemic, nonatherosclerotic rab- 
bits is roughly double that. of normo- 
cholesterolemic animals after a stan- 
dard ischemic injury and that the 
zones of nonreperfusion- were strik- 
ingly larger in the former group. In a 
subsequent work,” the same group 
demonstrated that after feeding rab- 
bits a 2% cholesterol-enriched diet for 
3 days, 30 minutes of myocardial is- 
chemia and 5.5 hours of reperfusion led 
to a more than fourfold greater accu- 
mulation of indium 111-labeled plate- 
lets in the injury zone and a larger in- 
farct size compared with animals re- 
ceiving normal chow. Goat anti-rabbit 
platelet serum decreased platelet 
counts by about 98% and eliminated 
the differences between hypercholes- 
terolemic and normocholesterolemic 
animals with respect to platelet accu- 
mulation, infarct size, and extent of 
reperfusion impairment. The work 
suggests that the adverse effects of- 
acute hypercholesterolemia on reper- 
fusion injury are platelet dependent. 
However, monocyte adherence to en- 
dothelium has been observed to in- 
crease up to 50-fold during acute hy- 
percholesterolemia, raising the possi- 
bility that this cell type also par- 
ticipates.!° 


CONCLUSION 


As presented in this brief, general 
review, the postulated mechanisms 
underlying reperfusion injury are 
multifactoral and intricately intercon- 
nected. They are also governed by pos- 
itive and negative feedback control, 

. cooperativity, synergism, and mainte- 
nance of homeostatic balance by 
means of counterpoised antagonists. A 
schematic overview of reperfusion in- © 
jury is presented in Fig 5, which de- 
picts an interpretation of the data dis- 
cussed in this review and should be 
viewed as hypothetical. A core of tissue 
in the brain exposed to ischemia enters 
a phase of progressing injury during 
reperfusion after having been incited 
by “injury signals,” a theoretical con- 
struct that could include’ eicosanoids, 
PAF, cytokines, transcription factors 
that regulate gene expression, and 
conversion of the luminal surface of 
endothelium from an anticoagulant to 
a procoagulant membrane. In re- 
sponse, there is a perturbation of the 
homeostatic balance of many interre- 
lated systems. Multiple mediators are 
involved, and the loss of regulation 

‘sets into motion a cascade of damaging 
events. The loss of regulation and per- 
turbation of homeostatic balance are 
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Fig 5.—A schematic overview of reperfusion injury. See text for discussion. 


represented by a spring that should 
pull the tissue core back from the pro- 
gressive injury position but that has 
been sprung. The major mechanisms, 
currently ascribed to reperfusion in- 
jury, are shown on the face of the tis- 


.sue core that undergoes progressive 


injury, with letters intermingled to 


emphasize that the multitude of intri- 


cate-and diverse processes encom- 
passed by these mechanisms are 
tightly interwoven as a “seamless 
web.”3! Some of these diverse pro- 
cesses would include coagulation, fi- 
brinolysis, eicosanoid and PAF produc- 
tion, cytokine production, rheologic 
disturbances, granule-based toxin re- 
lease, adhesion receptor expression on 
cells, conversion of endothelium to a 
procoagulant state, platelet accumula- 
tion, and, probably, many more. The 
side of the core of tissue that under- 
goes progressive injury displays a 
group of reaction properties that con- 
tribute to the complexity of the inter- 
locking events in the progressing in- 
jury zone. 

In general, therapeutic trials have 
tended to implicate one or more puta- 
tive mediators of reperfusion injury as 
a major cause of the problem and have 
modified the activity of these media- 


` tors. This is the conceptually simple 


approach, and in many trials, it has 
produced a small positive effect. De- 
finitive therapy, however, has re- 


_mained elusive despite these efforts. 


An alternative, but conceptually more 
difficult approach that takes account of 
the full network of effectors and regu- 
lators of reperfusion injury as a con- 
stellation of minor causes may be re- 
quired to bring postischemic tissue 
damage to a minimum. It is possible 
that the therapeutic problem could be 
attacked by exploring the regulatory 
mechanisms that preserve homeo- 
static balance under normal circum- 
stances and by learning how to curb 
the putative injury signals (Fig 5). 
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Aplasia Cutis Congenita and Arteriovenous Fistula 


Case Report and Review 


Romaine Singman, MD; Shailesh Asaikar, MD; Gwendolyn Hotson, MD; Neil S. Prose, MD 


è We describe a child with congenital 
aplasia cutis congenita of the scalp and an 
occult giant posterior fossa arteriovenous 
fistula. Previous case reports of central 
nervous system malformations associated 
with aplasia cutis congenita are reviewed. 
The exact incidence of such malforma- 
tions is unknown. All patients with aplasia 
cutis congenita should undergo a neuro- 
logic evaluation, and their families should 
be examined for similar lesions. Early cen- 
tral nervous system imaging and other 
workup may be required, especially if plas- 
tic surgery in the head region is being 
planned. 

(Arch Neurol. 1990;47:1255-1258) 


Apasia cutis congenita (ACC), first 
described by Cordon in 1767,' is a 
heterogeneous condition characterized 
by focal congenital lesions, in which 
some or all layers of skin are absent. 
These lesions are most commonly 
found on the scalp, where they may be 
mistaken for erosions caused by fetal 
scalp monitors, although they may 
also cover large areas of the trunk or 
extremities. The lesions usually occur 
as an isolated finding, but they may be 
associated with multiple malforma- 
tions of the limbs, heart, urogenital or 
gastrointestinal tract, eyes, or central 
nervous system.’ 
In her recent review of ACC, 
Frieden? classified nine subgroups of 
the syndrome characterized by the lo- 
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cation and pattern of skin lesions, by 
the presence and type of associated 
malformations, and by the mode of in- 
heritance. Several of these groups may 
be associated with psychomotor retar- 
dation and multiple cerebral malfor- 
mations, although the incidence of 
such central nervous system anoma- 
lies is unknown. 

In the following case report, we de- 
scribe an infant with scalp ACC in as- 
sociation with an occult giant infra- 
tentorial arteriovenous fistula. We 
then briefly review the neurologic im- 
plications of this skin lesion. 


REPORT OF A CASE 


A 5-month-old girl was admitted to a re- 
ferring hospital for dehydration, and was 
subsequently transferred to our institution. 
She was born full term by normal sponta- 
neous vaginal delivery, and weighed 2.44 kg 
at birth. The prenatal history was signifi- 
cant for cocaine and alcohol abuse. The 
baby’s mother stated that she had noticed 
several lesions on the infant’s scalp while 
the baby was still in the nursery. The child’s 
medical history was significant only for 
prolonged, inconsolable crying spells. 

The baby’s physical examination re- 
vealed the presence of a high-arched palate, 
depressed nasal bridge, flattened philtrum, 
prominent scalp veins, and, most impor- 
tantly, three discrete circular areas of cu- 
taneous scarring, ranging from 2 to6 mm in 
diameter (Fig 1). Notably, a cranial bruit 
could not be detected, nor were there any 
other skin lesions or limb malformations. 
However, the baby was hypotonic and 
mildly developmentally delayed. Examina- 
tion of the mother did not reveal any skin 
lesions or other abnormalities, and there 
was no family history of congenita! defects. 


INVESTIGATIONS 


Results of chromosome studies, re- 
nal sonogram, electroencephalogram, 


Aplasia Cutis Congenita—Singman et al 


brain-stem auditory evoked responses, 
chest roentgenogram, and electrocar- 
diogram were all normal. In addition, 
human immunodeficiency virus anti- 
body test results were negative. 

A magnetic resonance imaging scan 
of the head showed a very large homo- 
geneously enhancing mass. The lesion 
was partially calcified and displaced 
the brain stem posteriorly. There was 
also associated moderate hydroceph- 
alus (Fig 2). These findings were con- 
sistent with a large vascular malfor- 
mation. 

Angiography showed that the left 
vertebral artery was enlarged, empty- 
ing directly into a venous aneurysm. 
This aneurysm drained via several en- 
larged venous channels (anterior pon- 
tomesencephalic vein, suprasellar cis- 
tern vein, and perimesencephalic vein) 
into the vein of Galen and, thus, into 
the straight sinus. The basal artery 
was not seen and the left posterior in- 
ferior cerebellar artery was very small 
and proximal to the venous aneurysm. 
The whole malformation can thus be 
described as a very large arteriovenous 
fistula involving the left vertebral ar- 
tery to the anterior pontomesencepha- 
lic vein, with subsequent drainage into 
the straight sinus (Figs 3 and 4). 

At 17 months of age the child’s neu- 
rologic examination still showed only 
mild developmental delay and hypoto- 
nia. She remained otherwise asymp- 
tomatic. 


COMMENT 


The diagnosis of ACC is made clini- 
cally. The lesions may appear initially 
as areas of ulceration, erosion, or scar- 
ring, and may extend through a gap in 
the bone to the dura. The appearance 
of these lesions can vary significantly 
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Fig 1.—Discrete circular areas of scarring in the middle aspect of the 
scalp, which are typical lesions of aplasia cutis congenita. 





Fig 3.—Lateral view of left vertebral artery injection revealing arterial 
phase of arteriovenous fistula as described in the text. 


from patient to patient due to in utero 
healing and to the multiple causes of 
this syndrome. 

Numerous theories about the cause 
of ACC have been proposed. Although 
it has been suggested that the lesions 
can result from such varied causes 
as amniotic adhesions, thrombosed 
vascular malformations, pressure 
necrosis during labor, arrest of mid- 
line development, defective closure of 
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of the brain stem. 


il 





the neural tube, or compromised per- 
fusion to the skin due to vascular 
anomalies,’ most authors agree that 
ACC has no single underlying cause. 
Aplasia cutis congenita has not been 
associated with any specific teratogen, 
although there have been reports of 
ACC after intrauterine exposure to 
varicella and herpes simplex,*’ to an- 
tithyroid medication, and to various 
drugs, including marijuana," heroin, 


Fig 2.— Sagittal T,-weighted magnetic resonance imaging of the intra- 
tentorial vascular malformation shows massive posterior displacement 





Fig 4.—Venous phase of the arteriovenous fistula. 


alcohol,” and now cocaine (present ar- 
ticle). 

Although ACC usually occurs spo- 
radically, both autosomal dominant 
and recessive modes of inheritance 
have been described.*> Aplasia cutis 
congenita has also been associated 
with numerous genetic syndromes 
(Table 1). The most important of these 
is trisomy 13, which is associated with 
scalp ACC in 35% to 50% of affected 
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kaz 


Table 1.—Chromosomal Anomalies and Genetic Syndromes Associated With 
Aplasia Cutis Congenita 


Chromosomal 
Anomaly/ Genetic 
Syndrome 


Trisomy D (13-15) 


Main Clinical 
Features 


Reference No. 





Holoprosencephaly, mental 7, 18 


retardation, seizures, ocular 
deformities, deafness, 
multisystem malformations 


4p(—) syndrome 


Johanson and Blizzard 
syndrome 


Mental retardation, seizures, ocular 
anomalies 

Dwarfism, mental retardation, 
deafness, hypothyroidism, 


exocrine pancreatic insufficiency 





16-18 defect 


Scalp arteriovenous malformation 


with an underlying bony defect 








Table 2.—Neurological Malformations Associated With Aplasia Cutis Congenita 








































































































































































No. of Reference 
Type of Malformation Cases No. 
Cerebral 
Congenital midline porencephaly 
(variant of schizencephaly with 
vascular anomalies) 5 
Encephalocele 1 each 18, 19 
Cerebral cysts with agenesis 
of the corpus callosum 2 
Hydrancephaly 1 
Arthrogryposis (central) 2 (sibings) 20 
Vascular Infratentorial 
arteriovenous fistula 1 Present case 
Leptomeningeal venous angioma and 
giant aneurysm of the posterior 
cerebral artery 1 21 
Anomalous scalp vein 1 22 
Scalp arteriovenous malformation with an 
underlying bony defect (associated with 
a chromosomal anomaly) 1 3 
Thrombosis of the superior 
sagittal sinus 1 
Spinal cord 
Occult spina bifida 4 23 
Lumbar meningocele 1 12 
Skull 
Cranial stenosis with bizarre 
skull malformation 1 12 
Synostosis of all sutures 1 24 
Ophthalmological 
Optic nerve hypoplasia 1 25 
Retinal cysts and orbital hamartomata 2 
Eyelid colobomata 2 19 
Miscellaneous 
Seizures 1 26 
Spastic paralysis, mental retardation 1 27 










Facial palsy due to hypoplasia of 
the facial canal associated with ear 
and facial deformities * 


*The deformities described in the text appear consistent with an autosomal dominantly inherited Goldenhar 
syndrome. 


infants.” 

A wide variety of neurologic defects 
and vascular malformations have been 
reported in association with ACC (Ta- 
ble 2). These include variants of schi- 
zencephaly, meningocephaloceles and 
encephaloceles, hydrancephaly, vari- 
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ous vascular malformations, occult 
spina bifida, craniofacial anomalies, 
and ocular deformities. To our knowl- 
edge, we present the first report of an 
association of scalp ACC with an in- 
tracerebral arteriovenous fistula. 

It should be noted that there are also 
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case reports of neurologic abnormali- 
ties in children with an epidermal ne- 
vus syndrome in addition to ACC.**” 
These are not listed in the table, be- 
cause the neurologic abnormalities in 
these patients may be a manifestation 
of the epidermal nevus syndrome, a 
neurocutaneous syndrome in its own 
right. 

Fowler and Dumars describe a child 
with extensive scalp and limb ACC 
without an underlying bony skull de- 
fect. Hydrancephaly was documented 
on ventriculography. Both Fowler and 
coworker’s patient and our patient 
serve to illustrate that the absence of 
a skull defect does not preclude signif- 
icant cerebral anomalies in patients 
with scalp ACC. Recent case reports of 
unexpected cerebral hemorrhage or 
infection during or after the cosmetic 
repair of scalp ACC illustrate the po- 
tential significance of such underlying 
malformations.‘ 

The reports we have reviewed show 
that ACC may be a marker for signif- 
icant occult central nervous system 
malformations. The incidence of these 
occurrences is not known. In our pa- 
tient, ACC was the only clue to the 
presence of a giant infratentorial ar- 
teriovenous fistula. 

At present, no guidelines exist for 
the evaluation of patients with ACC. 
The workup in many case reports con- 
sists of only a skull roentgenogram. 
We urge that the presence of ACC 
should prompt a neurologic evaluation 
of the affected individual and exami- 
nation of family members. Early cen- 
tral nervous system imaging such as 
ultrasound in neonates and computed 
tomography or magnetic resonance 
imaging in older children or adults 
may be required. Furthermore, com- 
puted tomography or magnetic reso- 
nance imaging should become manda- 
tory if plastic surgery in the head re- 
gion is planned. Chromosome studies 
and genetic counseling may also be in- 
dicated in certain cases. A multicenter 
prospective study to determine the 
true incidence of cerebral malforma- 
tions associated with ACC could help 
to establish guidelines for the evalua- 
tion of these patients. 


We thank Eric L. Singman for his useful com- 
ments during the preparation of this manuscript. 
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e A retrovirus was isolated from a T-cell 
line that was established from lympho- 
cytes in the cerebrospinal fluid of a patient 
with human T-cell leukemia virus type l- 
associated myelopathy (HAM), and its ge- 
nome was sequenced. The nucleotide se- 
quence of the 3’ half of the total genome 
was identical in 99.5% of the nucleotides 
to that of the prototype human T-cell leu- 


essain et al' reported that patients 
with tropical spastic paraparesis 
(TSP), a subgroup of a slowly progres- 





Accepted for publication January 16, 1990. 

From the Department of Viral Oncology, Can- 
cer Institute, Tokyo, Japan (Drs Shirabe, Seiki, 
and Yoshida), and the Department of First Inter- 
nal Medicine (Dr Tsujihata) and The School of 
Allied Medical Sciences (Drs Shirabe, Nakamura, 
and Nagataki), Nagasaki (Japan) University. 

Reprint requests to Department of Viral On- 
cology, Cancer Institute 1-37-1, Kami-Ikebukuro, 
Toshimaouku, Tokyo 170, Japan (Dr Yoshida). 


1258 Arch Neurol—Vol 47, November 1990 


kemia virus type | that was derived from a 
patient with adult T-cell leukemia. These 
results indicate that the same retrovirus 
human T-cell leukemia virus type | is asso- 
ciated with both a neurological disease, 
HAM, and a lymphoproliferative disease, 
adult T-cell leukemia. 
(Arch Neurol. 1990;47:1258-1260) 


sive myelopathy, had serum antibodies 
that were cross-reactive to human T- 
cell leukemia virus type I (HTLV-I). 
Further epidemiological studies dem- 
onstrated that most patients with TSP 
in various locations have antibodies to 
HTLV-I in serum and also in cere- 
brospinal fluid (CSF).?’ In a Japanese 
endemic area of HTLV-I, a similar 
neurological disease (HTLV-I-associ- 
ated myelopathy [HAM]) was indepen- 
dently proposed.* Later, HAM and TSP 


were identified as the same disease en- 
tity (HAM/TSP). Patients with HAM/ 
TSP have higher titers of serum anti- 
bodies to HTLV-I than other infected 
populations, such as HTLV-I carriers 
or patients with adult T-cell leukemia 
(ATL) patients.’ 

The HTLV-I is known as an exoge- 
nous human retrovirus that causes a 
unique T-cell malignancy, ATL.* Al- 
though clinical features of HAM/TSP 
are so different from those of the lym- 
phoproliferative disease ATL, similar 
viruses were proposed for these dis- 
eases. Proviral genomes, detected in 
patients with peripheral lymphocytes 
of HAM/TSP,” were indistinguishable 
from HTLV-I by restriction enzyme 
mapping." A similar observation 
was also reported on a provirus that 
was isolated from cells in the CSF of a 
patient with HAM/TSP.' 
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More direct evidence has been re- 
ported by Tsujimoto et al recently as 
follows: Viral genome isolates from a 
patient with HAM/TSP was homolo- 
gous up to 98.5% to that from a proto- 
type HTLV-I, which was derived from 
a patient with ATL. Thus, these two 
isolates are concluded to be the same 
strain of HTLV-I. However, the small 
sequence differences left a minor pos- 
sibility that the small differences 
might be associated with HAM/TSP. 
Thus, the second analysis of the viral 
genome was recommended. In this 
communication, we report the nucle- 
otide sequence of another isolate from 
a patient with HAM/TSP, confirming 
the identity of the two viruses associ- 
ated with HAM/TSP and ATL. 


MATERIALS AND METHODS 
Establishment of a Cell Line 


A 56-year-old man’s condition was diag- 
nosed as a typical HAM/TSP, based on the 
following clinical features: the gradual on- 
set of a progressive spastic paraparesis 
with sensory and bladder symptoms and 
the absence of any evidence of spinal cord 
compression and any hereditary degenera- 
tive neurological disorders. He had anti- 
bodies to HTLV-I in his serum and CSF 
with titers of 1:512 and 1:32, respectively. A 
T-cell line, HCT-1, was established from 
CSF mononuclear cells by cultivation in the 
presence of interleukin 2." The HCT-1 cells 
expressed antigens that reacted with anti- 
bodies to HTLV-I and contained multiple 
copies of integrated proviruses that were 
demonstrated by hybridization with an 
HTLV-I probe. 


Molecular Cloning and Sequencing 
of the Proviral DNA 


High molecular weight cellular DNA was 
isolated from HCT-1 the cell line and di- 
gested with HindIII. The DNA fragments 
that were produced were ligated to the 
Hind III site of the \ phage Charon 27 vec- 
tor and packaged into phage particles. By 
screening the recombinant phages with an 
HTLV-I probe, a recombinant phage named 
\HCT that contained the provirus sequence 
and cellular sequence was isolated. The in- 
sert of the recombinant phage was sub- 
cloned into a plasmid vector pUC18 and 
constructed a plasmid named pHCT. The 
nucleotide sequence of the provirus in the 
pHCT was determined by method of 
Maxam and Gilbert” and of Sanger et al.'* 


RESULTS 


A T-cell culture was established 
from cells in the CSF of a patient with 
HAM/TSP. The presence of an 
HTLY-I-like provirus sequence was 
demonstrated by Southern blot hy- 
bridization of high molecular weight 
cellular DNA and was proved with an 
extra sequence called in the prototype 
HTLV-I (Fig 1). A DNA fragment in 
the Hind III digest was isolated as a 
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molecular clone named pHCT, that 
contained the viral and cellular se- 
quences. The viral sequence in the 
pHCT was subcloned and used as a 
probe in the hybridization of the orig- 
inal cellular DNA. The result con- 
firmed that it gave the identical results 
to those with the prototype HTLV-I 
probe shown in Fig 1 (data not shown). 
The DNA from the other T-cell lines, 
such as CEM or Molt 3, did not show 
any hybridization; thus, the viral se- 
quence was of exogenous origin. These 
results indicated that the viral se- 
quence in the pHCT represented the 
several viral sequences that were inte- 
grated in the cell line DNA. The nucle- 
otide sequence, isolated in the pHCT, 
was determined and compared with 
that of the prototype of HTLV-I. The 
sequenced region contained the 3’ half 
of the proviral genome that encom- 
passed the envelope gene, the pX re- 
gion, and the 3’ long terminal repeat 
(LTR) (Fig 2). By comparing this se- 
quence with that of the prototype of 
HTLV-I," 21 alterations of nucleotides 
were detected. The frequency of dif- 
ferences was 0.5%. That is, the provi- 
rus in pHCT, isolated from HAM/TSP, 
was 99.5% identical to the prototype 
HTLV-I from the patient with ATL. 


COMMENT 


The region sequenced here is com- 
posed of three regions: (1) the env gene 
that codes for the envelope glycopro- 
teins, (2) the pX region that codes for 
two regulatory proteins tax and rex,” 
and (3) that the noncoding sequence 
LTR (Fig 1). The LTR is an important 
regulatory unit that is essential for vi- 
ral gene expression and replication; 
however, less restriction for mutations 
would be expected in the LTR, because 
the LTR is a noncoding sequence. Be- 
tween LTR sequences (756 base pairs) 
of the pHCT and the prototype HTLV- 
I, nine nucleotide changes were de- 
tected (Fig 2): these were six base sub- 
stitutions, two base insertions, and one 
base deletion. The rate of the nucle- 
otide changes was 1.2%. All these base 
alterations were detected in nonfunc- 
tional regions; important elements, 
such as the poly (A) adding signal, the 
transcriptional enhancer of 21 bases, 
and the splice donor signal, did not 
show any alteration. 

The pX region contains two overlap- 
ping genes tax and rex, both of which 
play important regulatory roles in 
HTLV-I gene expression.” Because of 
overlapping genes, mutation in this 
region should be most restricted, be- 
cause any single base change would 
induce amino acid alteration in either 
or both proteins. In fact, only a single 





Fig 1.—Southern hybridization of DNA of the 
cell line (HCT-1) established from cells in the 
cerebrospinal fluid of a patient with human T- 
cell leukemia virus type I-associated myelopa- 
thy tropical spastic paraparesis. Cellular DNA 
of HCT-1 cells (C and D) or CEM cells (A and 
B) was digested with BamHI (A and C) or HindIII 
(B and D) and subjected to Southern blot anal- 
ysis by using the pX sequence of the clone of 
a prototype human T-cell leukemia virus type I. 
The band marked with an arrow was isolated in 
the clone pHCT. Kb indicates kilobase. 


base substitution out of 1059 nucle- 
otides was observed in this coding se- 
quence (Fig 2). This conservation cor- 
responded to a 99.9% homology; fur- 
thermore, this base substitution did 
not alter the amino acid in tax protein, 
although it induced a transition from 
proline to histidine in rex protein. 

The env gene codes for the glycopro- 
tein that is exposed on the viral parti- 
cle and recognizes the receptor on tar- 
get cells; thus, it determines the host 
range of viral infection. In the env- 
coding sequence of 1464 base pairs in 
pHCT, nine base substitutions were 
detected that showed a 99.4% homol- 
ogy to that of the prototype HTLV-I 
(Fig 2). Five of these substitutions in- 
duced amino acid alterations, and four 
amino acid alterations were located at 
the 3’ region of the env gene, a domain 
that codes for the transmembrane pro- 
tein. Surprisingly, a base substitution 
at the position 5216 created a termina- 
tion codon in the env-coding frame 
(Fig 2). This unexpected result sug- 
gests that the provirus analyzed here 
was an inactive one among several 
proviral copies that were integrated 
into the cell line HCT. 

Sequence variations, up to a few 
percent of the nucleotides, were ob- 
served among viral isolates from pa- 
tients with ATL in different endemic 
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Fig 2.—Differences of nucleotide and amino acid sequences between human T-cell leukemia virus type l-associated mye- 
lopathy tropical spastic paraparesis-derived clone pHCT and adult T-cell leukemia-derived clone \ATK- 1, a prototype HTLV- 
|."' Thick line with long open boxes represents the 3’ half of the proviral genome, and open boxes are open reading frames 
for the env, tax, and rex. Box at the 3’ end stands for the long terminal repeat (LTR). Nucleotide changes are shown by ver- 
tical lines on the genome, and the sites were indicated by their nucleotide position in the provirus sequence \ATK-1."! Alter- 
ations in amino acids are also shown at each site. The upper side represents pHCT; the bottom side, AATK-1; gp; external 
cellular domain of glycoprotein; tmp, transmembrane protein; trm, termination codon; closed upside-down triangles, transcrip- 
tional enhancer; open triangle, poly(A) signal; closed upright triangle, TATA box; diamond, splice donor signal; Gin, glutamine; 
Arg, arginine; Pro, proline; Lys, lysine; His, histidine; Cys, cysteine; Leu, leucine; Ser, serine; Asn, asparagine; A, adenine; 
T, thymine, G, guanine; and C, cytosine. 


areas or even in the same region." 
Therefore, the maximum difference of 
1.2% in the LTR between pHCT and 
the prototype HTLV-I does not imply 
any specific significance. In supporting 
this conclusion, 13 of 21 nucleotide dif- 
ferences observed between pHCT and 
the prototype HTLV-I were not iden- 
tical to those found by Tsujimoto et al!* 
in their HAM isolate and the prototype 
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HTLV-I. That is, our sequence of pHCT 
is also different from that of Tsujimoto 
et al, again showing sequence varia- 
tions between two HAM/TSP isolates. 
Thus, these small nucleotide alter- 
ations are just accidental mutations on 
the same viral strain. Therefore, we 
conclude, in conjunction with the re- 
sults of Tsujimoto et al, that the same 
viral strain is associated both with the 
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pital. Our service area population is now 90,000; a 
growing area with new businesses and stable econ- 
omy. Located in central California near Sequoia 
National Park, Tulare offers an excellent family- 
oriented lifestyle and all expected amenities. Beauti- 
ful homes close to hospital and office are affordably 
priced. Good schools, many community activities 
and abundant recreation including golf, tennis, 
mountain and equestrian activities. Easy access to 
all California's major metropolitan and resort areas. 
Please contact: Tulare District Hospital Physician 
Recruiting Office, P.O. Box 90112, Los Angeles, CA 
90009. (800) 468-2687. 


BE/BC NEUROLOGIST 
To join an associate neurlogy practice in south- 
central Nebraska. This opportunity comes with 
the full support of your colleages and offers 
exceptional life style and practice potential. In- 








come guarantee, relocation, MP, office paid. Send 
CV or contact: Armando L. Frezza, President, 
Medical Support Services, 8806 Balcones Club 
Drive, Austin, TX 78750. Office (800) 288-7420; 
FAX (512) 331-6741 





LOS ANGELES: Downey. Great opportunity for 
BC/BE neurologist to join two overworked partners. 
Thriving, lucrative practice is in sleek office located 
in wonderful area central to all. Working environ- 
ment is a dream, with full partnership after one year 
to right person. Position must be filled immediately. 
Reply: Box #813, c/o AON. 





PLEASE NOTE— Address replies to box number 
ads as follows: Box number, ____, c/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 











Professional Opportunities 


CHARLOTTE, NORTH CAROLINA: High quality 
group of six neurologists, all of whom are subspe- 
cialized, seeks to add a well-trained neuroncologist. 
Contact: Mike Kaufman, MD, 126 Cottage Place, 
Charlotte, NC 28207; or call: (704) 334-7311. 


NEUROLOGIST — Neurologist with particular 
interest in EMG and nerve conduction studies to join 
neurology section of a 25-physician internal medi- 
cine group practice. Full testing facilities available 
both in the clinical office and at the teaching hospi- 
tal. Growing area of coastal North Carolina, 250,000 
referral area. Excellent industrial base, 7,500-student 
university campus, year round sailing, golfing, ten- 
nis, fishing, and other recreational opportunities. 
500-bed tertiary care hospital, internal medicine 
residency program, academic affiliation with UNC- 
Chapel Hill. Full benefit package, competitive salary. 
CV to: Daniel Gottovi, MD, Wilmington Health 
Associates, P.A., 1202 Medical Center Drive, Wil- 
mington, NC 28401. 








GENERAL AND 
PEDIATRIC NEUROLOGISTS 


needed in Springfield, Missouri. Hugh Bayless, 
author of “The Best Towns in America, A 
Where-To-Go-Guide for a Better Life”, says 
that this is “one of the best towns in Amer- 
ica". Would you like to practice in a new 
clinic—the largest and best equipped in 


the area? This opportunity is located in 
the heart of the beautiful Ozarks with over 
seventy referring physicians on staff. Com- 
petitive compensation with outstanding 
benefits! Send CV to: 


MEDILINE 
, 621 Parkview Towers, 210 25th Avenue North 
Nashville, TN 37203 O (615) 327-1910 





NEUROLOGIST — Excellent opportunity to join 
large, well-respected neurological group in beauti- 
ful suburb of Boston. Very active clinical practice 
with availability of all neurodiagnostic modalities. 
Group size allows for good on-call schedule. Loca- 
tion offers the ideal combination of close proximity 
to mountains, ocean and metropolitan culture. Kindly 
reply with curriculum vitae to: Howard M. Gardner, 
MD, New England Neurological Associates, P.C., 
220 Sutton Street, North Andover, MA 01845. 


ACTIVE CLINICAL PRACTICE in central Con- 
necticut needs BE/BC neurologist to join young 
solo practitioner. EEG/EMG/EP proficiency needed. 
Salary leading to partnership. Excellent area for 
family living. Easy access to many educational, cul- 
tural and recreational activities. Supportive relation- 
ship with local community, full service hospital. Affil- 
iated with major teaching tertiary hospital. Reply 
with CV to: P.O. Box 98, Cheshire, CT 06410. Or call 
office: (203) 237-8115, and leave name and number. 


BUCKS COUNTY, PENNSYLVANIA — Position 
available in this beautiful, southeastern Pennsyl- 
vania location for a BE/BC neurologist to join two 
young colleagues in a growing private practice. All 
diagnostic modalities locally available in this highly 
trained medical community, situated 30 minutes 
from Center City, Philadelphia and less than 90 
minutes from Manhattan. High salary/benefits with 
potential for partnership. Reply: Box #807, c/o AON. 








NEUROLOGIST —Board-eligible/board-certified, to 
join another neurologist with experience in electro- 
neurodiagnosis. Send CV to: Box #812, c/o AON. 
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Professional Opportunities 


NORTH CAROLINA—NATIONWIDE. Group/solo 
opportunities. Excellent compensation. Dr. Len 
Goodman, 5600 Executive Center Drive, #102, 
Charlotte, NC 28212. (704) 536-2527. 





MAUI ORTHOPEDIC and Sports Medicine seeks 
neurologist to establish independent practice. Con- 
tact: William Gfeller, 450 Hookahi Street, Wailuku, 
Maui, HI 96793. (808) 244-5541. 









ILLINOIS 


A board-certified/board-eligible neurologist 
needed to join an eight member Neuroscience 
Division in a 200+ private, multi-specialty group 
associated with the University of Illinois Col- 
lege of Medicine; clinic and adjacent 288-bed 
hospital. Offer full neurologic-radiologic sup- 
port including CT and MR scans; subspecialty 
interest welcomed. Liberal fringe benefits and 
early partnership; malpractice coverage pro- 
vided. Write including CV, to: 
Robert C. Parker, Jr., MD 
Assistant to the Chief Executive Officer 


CARLE CLINIC ASSOCIATION 
Urbana, IL 61801 





















PAIN EVALUATION and Treatment Institute, Uni- 
versity of Pittsburgh School of Medicine — The Pain 
Evaluation and Treatment Institute is a comprehen- 
sive, university-based interdisciplinary facility dedi- 
cated to the highest standards of clinical services, 
education and research. The interdisciplinary staff 
consists of physicians, psychologists, physical 
therapists, occupational therapists, and nurses. The 
Pain Institute is seeking a flexible and innovative 
neurologist to serve as a full-time member of a phy- 
sician group currently consisting of anesthesiolo- 
gists and a physiatrist. This unique position involves 
program development, supervision of fellows and 
residents, clinical research, as well as, direct clinical 
work with diverse pain populations. Current clinical 
programs at the Pain Institute include an Acute Pain 
Service, Head and Facial Pain Clinic, Pain Rehabili- 
tation Program, Cancer Pain Service, Regional 
Anesthesia Clinic, Back Injury Clinic, and a Work 
Performance Assessment and Rehabilitation 
Program. Research associated with each of these 
programs and services is currently underway. Prior 
experience and academic achievement in pain med- 
icine is desirable. The successful candidate must 
have the desire and ability to work with an interdis- 
ciplinary clinical and research team. MD degree and 
licensure or license eligibility in Pennsylvania 
required. Academic rank and salary will be com- 
mensurate with qualification. Send CV and three 
reference letters to: Michael C. Brody, MD, Medical 
Director, Pain Evaluation and Treatment Institute, 
University of Pittsburgh School of Medicine, Baum 
Boulevard and Craig Street, Pittsburgh, PA 15213. 











Regional medical center for 85,000 popula- 
tion needs neurologist; located in beautiful 
mountainous eastern Kentucky with state 
parks and lakes within thirty miles. Pro- 
gressive community with excellent accre- 
dited school system. Active staff; sixty 
practicing physicians. If interested, send 
CV to: Dr. John Tummons, Administrator. 


Methodist Hospital of Kentucky 
911 South Bypass, Pikeville, KY 41501 










EXCELLENT OPPORTUNITY for BC/BE neurolo- 
gist to join 80-physician, comprehensive, multi- 
specialty group in San Francisco Bay area. Large, 
varied referral base from pediatrics, IM, FP, and 
surgery. EMG/NCV, EEG, evoked response testing, 
CT, MRI, radiology support all available on site. 
Opportunity to interface with specialists of all 
types including neurosurgeons. Major university 
teaching affiliation encouraged and possible. Close 
proximity to 400-bed, full service, modern hospital 
serving population of 300,000. Competitive guaran- 
teed salary with bonus productivity plan for initial 
eighteen months leading to partnership track. 
| Extensive benefit package including housing incen- 
tives. Unique cultural, recreational and educational 
opportunities. Send CV to: Gary D. Zweig, MD, 
Recruitment Chairman, Sunnyvale Medical Clinic, 
P.O. Box 3496, Sunnyvale, CA 94088-3496. 


Professional Opportunities 


NEUROLOGIST to join dynamic, midwest neurol- 
ogy group. This very busy practice is seeking an 
energetic neurologist with a strong interest in the 
clinical care of patients. This opportunity is located 
in a desirable, midwestern community abundant in 
cultural and sporting activities. The practice has a 
well-equipped radiology department with MRI and 
CT, and also, neurophysiology and neuropsychol- 
ogy departments. The appropriate candidate must 
be energetic, pleasant, BC/BE, with EMG expe- 
rience. Please send curriculum vitae to: Box #814, 
c/o AON. 


NEUROLOGIST — BE/BC to join thriving practice 
in suburban Pittsburgh. Excellent opportunity with 
two community hospitals. Comprehensive diagnos- 
tic laboratory facilities adjacent to main office. 
Interest in EMG/EEG desirable. Competitive salary, 
leading to partnership. Convenient to excellent 
schools and quality affordable housing. Contact: 
Kelly McMahon, Daniel Stern & Associates, 211 
North Whitfield Street, Suite 240, Pittsburgh, PA 
15206. (800) 438-2476. 








NEED A DOCTOR? For the most comprehensive 
coverage to specific specialties and select sub- 
specialties, put your recruitment ad in an AMA spe- 
cialty journal. We target your ad to the physician 
you want. To schedule your ad call our “Classified 
Advertising” office: National (800) 237-9851; Florida 
(800) 553-8288. 





ARE THERE professional settings you've always 
wanted to sample? Consider joining CompHealth, 
the nation’s largest locum tenens group. If you qual- 
ify, you can practice from Florida to Alaska — fora 
week to several years or anything in between — it's 
your choice. You'll enjoy the experience of a life- 
time. CompHealth provides competitive earnings 
and takes care of the malpractice premiums and 
major expenses like housing and transportation. 
What's more, you'll spend less time on paperwork 
and more time on quality health care. Openings 
available now. Call: (800) 328-3035 toll-free (in 
Utah) (801) 264-6400. 


Fellowships 


TWO CEREBROVASCULAR Disease Fellowships 
are available immediately for one or two years in the 
Department of Neurology, Henry Ford Hospital. 
These fellowships offer comprehensive training 
programs in pathophysiology, diagnosis and man- 
agement of cerebrovascular disorders, including 
migraine, within an NIH funded center for cerebro- 
vascular disease research. A Javits Junior Clinical 
Investigator Fellowship is available to one competi- 
tive candidate. The department evaluates almost 
600 patients with cerebrovascular disease yearly, 
has a stroke and migraine clinic, and aclinical/clini- 
cal research, four-bed acute stroke unit. Clinical and 
basic science research opportunities available in: 
in-vivo NMR spectroscopy of human and animal 
cerebral ischemia, 133-Xenon inhalation regional 
cerebral blood flow, non-invasive carotid dopplers, 
transcranial doppler, platelet function laboratory, 
HFH stroke center data bank, and experimental 
drug studies in stroke and migraine. Applicants 
should have completed an accredited neurology 
residency and be board-eligible/-certified. Salary 
commensurate with experience. Please send letter 
of inquiry to: K.M.A. Welch, MD, Chairman, or 
Steven R. Levine, MD, Director, Center for Stroke 
Research, Department of Neurology, Henry Ford 
Hospital, 2799 West Grand Boulevard, Detroit, MI 
48202-2689. Telephone: (313) 876-3396. 


PAIN FELLOWSHIP. The Pain Service in the Depart- 
ment of Neurology at Memorial Sloan-Kettering 
Cancer Center is seeking a board-eligible/board- 
certified neurologist for a pain fellowship. This is a 
one- or two-year position that offers comprehensive 
training in pain evaluation and treatment, with a 
strong emphasis on cancer pain. Fellows will partic- 
ipate in clinical investigations of neuro-oncologic 
pain syndromes and the pharmacology of opioid 
analgesics. Laboratory research opportunities 
directed at the mechanisms of opiate action and the 
molecular pharmacology of opiate receptors are 
also available. Please contact: K.M. Foley, Depart- 
ment of Neurology, Memorial Sloan-Kettering 
Cancer Center, 1275 York Avenue, New York, NY 
10021. 



































































Wisconsin 





Wisconsin. 








Neurology BE/BC 


It's never too late for a new beginning! Dial 
1-800-338-0568 and discover “The Right Choice” 
for your medical practice in beautiful Southern 


The Monroe Clinic associates practice medicine 
without the distractions of office management. 
There is no financial investment and you will have 
easy access to high quality peers or specialists for 
consultation. Associates enjoy regular hours with 
call sharing and predictable time off for continu- 
ing medical education and vacations. 


For an early prescription to a lasting, equitable 
partnership, please call or send your curriculum 
vitae to Robert Enterline, Physician Staffing Direc- 
tor, The Monroe Clinic, 1515 Tenth Street, Monroe, 
Wisconsin 53566. 


“equal opportunity employer’ 
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The Monroe Clinic 




































































NATIONAL STROKE 





ASSOCIATION 


Announces 


FELLOWSHIP AWARDS 


National Stroke Association Fellowships are being offered 
to “young” investigators interested in making a career of 
research into the causes, mechanisms and treatment of stroke. 


$30,000/ year stipends are available for one to three years. 
Applicants must have a doctoral degree and be affiliated with 
an institution in the United States. Application and support- 
ing materials due by January 2, 1991. 





Carolyn Burkhardt, M.D. 
Research Program Coordinator 
National Stroke Association 
300 E. Hampden Ave., #240 
Englewood, CO 80110 


Neurologist 


The Mason City Clinic 
is a progressive 
multi-specialty clinic in 
the Heartland. 






















We are looking for a 
neurologist to join our very 
busy practice. Small-town 

security within two 
hours of Minneappolis 
and Des Moines. 


MRI, CT, sleep lab, EEG, EMG, 
neurosurgery, Cardiac surgery, 
orthopedic surgery, cancer 
center, Gl lab, and ENT 
capabilities. 


Excellent salary 
and benefits. 
Submit CV to: 


Ralph A. Wolf, Administrator 


300 N. Eisenhower Avenue 
Mason City, IA 50401 


(515) 423-2435 


For information or application write: 























NEUROLOGIST 


The Duluth Clinic, Ltd., a 160- 
physician, multi-specialty 
regional referral center in a 
metropolitan base of 125,000 
with a regional referral base of 
500,000 people, is seeking an 
additional board-certified/ 
-eligible neurologist, preferably 
with interest in EMG and evoked 
potentials. 

Currently the staff includes one 
child neurologist, five adult 
neurologists and three neuro- 
surgeons. State-of-the-art 
support services and equipment 
are in place. Ample outdoor 
recreational and cultura! facili- 
ties are available. 

Please respond with complete 
curriculum vitae to: 


James G. Brueggemann, MD 
Medical Director 
The Duluth Clinic, Ltd. 
400 East Third Street 
Duluth, MN 55805 


BA 


An equal opportunity employer. 








Fellowships 


pa E See ee ee Se eet 
FELLOWSHIP IN DIAGNOSTIC and experimental 
neuropathology. The Neuropathology Laboratory 
at The Johns Hopkins University School of Medi- 
cine has fellowship positions available as of July 1, 
1990. Qualifications include an MD degree and a 
background in clinical neurosciences or pathology. 
Applicants should send resumes and letters of 
recommendation to: Donald L. Price, MD, Neuropa- 
thology Laboratory. The Johns Hopkins University 
School of Medicine, 509 Pathology Building, 600 
North Wolfe Street, Baltimore, MD 21205-2181. 
Affirmative action/equal opportunity employer. 
Because of funding requirements, applicants limited 
to US citizens/permanent residents. 


EMG/NEUROMUSCULAR DISEASE Fellowship 
available beginning July 1991 for one year at the 
Medical College of Wisconsin and affiliated hospi- 
tals (Children’s Hospital, Froedtert Hospital, VA 
Medical Center, and Milwaukee County Medical 
Complex). Training opportunities include adult and 
pediatric EMG, single fiber EMG, nerve and muscle 
biopsy interpretation, adult and pediatric MDA clin- 
ics, and microneurography. Please send curriculum 
vitae and the names of three references to: Dr. Rose 
Dotson or Dr. Safwan Jaradeh in the Department of 
Neurology at Froedtert Hospital, 9200 West Wiscon- 
sin Avenue, Milwaukee, WI 53226. 


MOVEMENT DISORDERS FELLOWSHIP. Two-year 
clinical and laboratory postgraduate training for 
neurologists interested in Parkinson's disease and 
other movement disorders. Under direction of H.L. 
Klawans, C.G. Goetz, C.M. Tanner, and C.L. Comella, 
Rush-Presbyterian-St. Luke's Medical Center. Con- 
tact: C.G. Goetz, 1727 West Harrison Street, Chi- 
cago, IL 60612. 


NEUROLOGICAL REHABILITATION Fellowship: 
The Department of Neurology of the University of 
California at Los Angeles offers an ongoing one- 
and two-year fellowship for BE/BC neurologists in 
neurorehabilitation starting every July. Acute inpa- 
tient and outpatient training within the U.C.L.A. 
Comprehensive Rehabilitation Program also pro- 
vides opportunities in basic and clinical research in 
mechanisms of cognitive and motor recovery. The 
Functional Assessment Lab offers biochemical stu- 
dies of gait, balance and strength. The inpatient 
rehab unit at Daniel Freeman Memorial Hospital 
provides additional training. Send inquiries, CV and 
letters of recommendation to: Bruce H. Dobkin, MD, 
Professor of Neurology, UCLA School of Medicine, 
300 UCLA Medical Plaza, Suite B200, Los Angeles, 
CA 90024-6975. 


EPILEPSY FELLOWSHIP — UPEC training suitable 
for both academic bound and private practice. The 
University of Pittsburgh Epilepsy Center is offering 
Clinical fellowships in epilepsy to physicians and 
PhDs to start July 1991. These are comprehensive 
programs to expose the fellow to the clinical man- 
agement of patients with epilepsy. There are three 
outpatient clinics, and both outpatient and inpatient 
management of routine patients, pseudoseizures, 
and intractable epileptics. Fellows will read both 
scalp and depth EEG and qualify for ABCN. UPEC 
evaluates experimental drugs, has a large epilepsy 
surgery program based on depth electrode record- 
ings and extensive computer databasing. Additional 
training in basic or clinical research is available. 
EO/AAE. Contact: Richard Dasheiff, MD, Director, 
UPEC, Room 625, 3515 Fifth Avenue, Pittsburgh, PA 
15213. (412) 647-6493. 














Faculty Positions 


es 
THE DEPARTMENT OF NEUROLOGY at the Uni- 
versity of Missouri-Columbia School of Medicine is 
recruiting two pediatric neurologists. These faculty 
members will be responsible for teaching, patient 
care, and service with academic rank and compen- 
sation based upon training and experience. Candi- 
dates should have a strong clinical interest in pediat- 
ric neurology. Interested candidates should be 
board-certified or eligible for board-certificationby 
the American Board of Psychiatry ang e009 
Please contact: William J. Crowley; Jr., 

sor and Chairman, UMC Sch 


D, Profes- 
f Medicine, 


Department of Neurology, M741 ‘Health Sowa j 
fr 


Center, Columbia, MO 65212. 
Missouri-Columbia is an equal 
affirmative action institution. 


e University 



















































































Faculty Positions 


THE DEPARTMENT OF NEUROLOGY of Loyola 
University Chicago Stritch School of Medicine 
invites applications for a position at the assistant 
professor level. Applicants should be board-eligible 
or board-certified in neurology and should have 
subspecialty expertise in clinical neurophysiology. 
Preference will be given to candidates with interest 
in clinical research. Loyola University Chicago is an 
equal opportunity/affirmative action employer. Inter- 
ested applicants should send their curriculum vitae 
to: Gastone G. Celesia, MD, Chairman, Department 
of Neurology, Loyola University Chicago, 2160 
South First Avenue, Chicago, IL 60153. 


NEUROLOGIST — BC/BE. The Texas College of 
Osteopathic Medicine is recruiting an academically 
oriented neurologist with interest in clinical neurol- 
ogy, teaching and research. Faculty appointment 
provides competitive salary with excellent fringe 
benefits. Please send curriculum vitae and letter of 
inquiry to: William E. McIntosh, DO, Associate Pro- 
fessor of Medicine/Neurology, Texas College of 
Osteopathic Medicine, 3516 Camp Bowie Boule- 
vard, Fort Worth, TX 76107. TCOM is an affirmative 
action/equal opportunity employer. 


THE DEPARTMENT OF NEUROLOGY at the Uni- 
versity of Louisville, School of Medicine is seeking a 
faculty member for a full-time academic appoint- 
ment. Applicant must be board-eligible in neurology 
and neurodiagnostics, preferably with a completed 
fellowship in neurophysiology and electrodiagnos- 
tic medicine. Must be committed to education both 
at the undergraduate and graduate levels. Contact: 
William H. Olson, MD, Chairman, Department of 
Neurology, University of Louisville, Louisville, KY 
40292. (502) 588-7981. EO/AAE. 


ACADEMIC CHILD NEUROLOGY — Southern 
California. The division of Neurology, Childrens 
Hospital Los Angeles and the Department of Neu- 
rology, University of Southern California School of 
Medicine are seeking an academically oriented 
pediatric neurologist with laboratory based research 
interests. The Pediatric Neurology division at CHLA 
is one of the largest on the west coast with both 
clinical and laboratory based research programs in 
epilepsy, neuro-oncology, developmental neuro- 
biology, and AIDS. This position will provide excit- 
ing opportunities for collaboration in ongoing basic 
research efforts at Childrens Hospital Los Angeles 
and USC in the neuropharmacology, neurochemis- 
try, neuroimmunology, and molecular biology of the 
developing nervous system. This is a tenure track 
position which carries an appointment of either 
assistant or associate professor, depending upon 
the qualifications and experience of the candidate. 
Board-eligibility or -certification in child neurology 
is required. Interested applicants should send a 
curriculum vitae and names of three references to: 
O. Carter Snead III, MD, Chief, Division of Neurol- 
ogy, Childrens Hospital Los Angeles, P.O. Box 
54700, Los Angeles, CA 90054-0700. Childrens 
Hospital Los Angeles and the University of Southern 
California are equal opportunity/affirmative action 
employers. 


THE DEPARTMENT OF NEUROLOGY at Temple 
University School of Medicine invites applications 
for full-time faculty positions at the assistant or as- 
sociate professor level in neuroimmunology and 
movement disorders. Applicants should be board- 
certified or -eligible in neurology. Individuals with 
strong Clinical or basic research interest are desired. 
Please contact: Jeffrey |. Greenstein, MD, Chair- 
man, Department of Neurology, Temple University 
School’of Medicine, 3401 North Broad Street, Phila- 
delphia, PA 19140. Temple University is an equal 
opportunity/affirmative action employer. 


THE DEPARTMENT OF NEUROLOGY of Loyola 
University Chicago Stritch School of Medicine 
invites applications for a position at the assistant 
professor level. Applicants should be board-eligible 
or board-certified in neurology and should have 
subspecialty expertise in movement disorders and/or 
epilepsy. Preference will be given to candidates with 
interest in.clinical research. Loyola University Chi- 
,| Cago’is an equal opportunity/affirmative action 

employer. Intefested applicants should send their 
curriculum vitae to: Gastone G. Celesia, MD, 
Chairman; Department of Neurology, Loyola Uni- 
versity Chicago,'2160 South First Avenue, Chicago, 
1L'60153. fake 


























































Positions Available 


NEUROLOGIST — Atlanta, Georgia: BC/BE neu- 
rologist to join existing group. Weekend cross- 
coverage, reasonable schedule. EMG, EEG and EP 
experience necessary. Competitive salary, benefits 
and early partnership. Adult neurology. Send CV 
and references to: Michael Lacey, MD, 5555 Peach- 
tree Dunwoody Road, Suite 240, Atlanta, GA 30342. 


ADULT NEUROLOGIST, BC/BE to join a well 
established, growing, solo practice with outside 
neurological coverage in the Akron, Ohio area. 
Teaching, laboratory and clinical practice activities. 
The very latest of facilities available at teaching hos- 
pitals. Partnership anticipated. Salary and benefits 
competitive. A good sense of humor required. This 
is a wonderful opportunity for the right person. 
Please send CV to: Box #811, c/o AON. 





Miscellaneous 


SECOND DARTMOUTH International Conference 
on Epilepsy and The Corpus Callosum, Hanover, 
New Hampshire, August 13-17, 1991. Contact: Pro- 
fessor Alexander G. Reeves, Section of Neurology, 
Dartmouth-Hitchcock Medical Center, Hanover, NH 
03756. FAX: (603) 646-8756. Telephone: (603) 
646-7916. 


Computers/ Software 


PRACTICE MANAGEMENT, insurance billing, 
medical records, and electronic claims systems. 
American Medical Software (800) 423-8836. 





































October 25th. 






We Target The Physician 
You Want! 


Send us your advertising order today. Just complete the coupon below and 
attach your typewritten copy. The next available issue is December which closes 


The classified rate is $ .95 per word for one issue. For three issues or more, the 
rate is $ .85 per word per issue. Minimum classified ad is 20 words. 





Directors Wanted 


THE DEPARTMENT OF NEUROLOGY at Temple 
University Schoo! of Medicine invites applications 
for the Director of the Multiple Sclerosis Center. 
This is a full-time academic appointment. An indi- 
vidual with strong research interests is desired. The 
Center has developed multi-disciplinary clinical and 
basic research programs. Salary and rank commen- 
surate with past experience. Please contact: Jeffrey 
|. Greenstein, MD, Chairman, Department of Neuro- 
logy, Temple University School of Medicine, 3401 
North Broad Street, Philadelphia, PA 19140. Temple 
University is an equal opportunity/affirmative action 
employer. 
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FOR SALE OR ASSUME LEASE 


BIOLOGIC III 
21 channel Brain Mapping and Evoked 
Potentials. Lease terminates October 
1992. Call: 
(503) 635-1111 


for further information. 
























































DOCTORS IN YOUR SPECIALTY are the best 
market for used/serviceable equipment that may be 
surplus to your needs. Advertise this equipment in 
an AMA specialty journal and reach your market. 
Call our “Classified Advertising” office toll free: 
National (800) 237-9851; in Florida (800) 553-8288. 
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archives of 


Neurology 


P.O. Box 1510, Clearwater, Florida 34617 
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Dilantin® KAPSEALS® (Extended Phenytoin Sodium Capsules, USP) 
Before prescribing, please see full prescribing information. A Brief Summary follows. 


INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
mal) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 

Phenytoin serum level determinations may be necessary for optimal dosage adjustments (see 
Dosage and Administration and Clinical Pharmacology). 

CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. 

WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
epilepticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
ation, or substitution of alternative antiepileptic medication arises, this should be done gradually. 
However, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
belonging to the hydantoin chemical class. 

There have been a number of reports suggesting a relationship between phenytoin and the 
development of lymphadenopathy (local or generalized) including benign lymph node 
hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resembling serum sickness, eg, 
fever, rash and liver involvement. 

In all cases of lymphadenopathy, follow-up observation for an extended period is indicated and 
every effort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
decrease serum levels. 

In view of isolated reports associating phenytoin with exacerbation of porphyria, caution should 

be exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports suggests an association between the use of 
antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
to these women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
are also the most commonly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 
than drug therapy in leading to birth defects. The great 
majority of mothers on antiepileptic medication deliver 
normal infants. It is important to note that antiepileptic drugs should not be discontinued in 
patients in whom the drug is administered to prevent major seizures, because of the strong 
possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
cases where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 
even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

In addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/palate and heart malformations, in children of women receiving phenytoin and other antiepileptic 
drugs, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mental deficiency in children born to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma, in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measurement of serum 
phenytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 
guide to an appropriate adjustment of dosage. However, postpartum restoration of the original 
dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
or correct this defect and has been recommended to be given to the mother before delivery and 
to the neonate after birth. 

PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients 
with impaired liver function, elderly patients, or those who are gravely ill may show early signs 
of toxicity. 

Asmall percentage of individuals who have been treated with phenytoin has been shown to 
metabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
of induction; it appears to be genetically determined. 

Phenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) If the rash is 
of a milder type (measles-like or scarlatiniform), therapy may be resumed after the rash has 
completely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced 
phenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
(eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same 
patients. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 
reported. Phenytoin may also raise the serum glucose level in diabetic patients. 

Osteomalacia has been associated with phenytoin therapy and is considered to be due to 
phenytoin's interference with Vitamin D metabolism. 

Phenytoin is not indicated for seizures due to hypoglycemic or other metabolic causes. 
Appropriate diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and 
absence (petit mal) seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusional states 


Dilantin Kapseals 


(extended phenytoin sodium pse USP) 


referred to as “delirium,” “psychosis,” or “encephalopathy,” or rarely irreversible cerebellar 
dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels are recommended. Dose 
reduction of phenytoin therapy is indicated if plasma levels are excessive; if symptoms persist, 
termination is recommended. (See Warnings.) 

Information for Patients: Patients taking phenytoin should be advised of the importance of 
adhering strictly to the prescribed dosage regimen, and of informing the physician of any clinical 
condition in which it is not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first 
seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or 
which phenytoin may affect. Serum level determinations for phenytoin are especially helpful 
when possible drug interactions are suspected. The most commonly occurring drug interactions 
are listed below: 1. Drugs which may increase phenytoin serum levels include: acute alcohol 
intake, amiodarone, chloramphenicol, chlordiazepoxide, diazepam, dicumarol, disulfiram, 
estrogens, Hy-antagonists, halothane, isoniazid, methylphenidate, phenothiazines, 
phenylbutazone, salicylates, succinimides, sulfonamides, tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium ions 
which interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid 
preparations containing calcium should be staggered in patients with low serum phenytoin levels 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, 
sodium valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic 
acid, and sodium valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in 
susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin 
include: corticosteroids, coumarin anticoagulants, 
digitoxin, doxycycline, estrogens, furosemide, oral 
contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may 
cause decreased serum levels of protein-bound iodine 
(PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may 
Cause increased serum levels of glucose, alkaline phos- 
phatase, and gamma glutamyl transpeptidase (GGT). 
Carcinogenesis: See “Warnings” section for informa- 
tion on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug because 
phenytoin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered 
with phenytoin therapy are referable to this system and are usually dose-related. These include 
nystagmus, ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, 
insomnia, transient nervousness, motor twitchings, and headaches have also been observed. There 
have also been rare reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor 
and asterixis, similar to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has beén observed in patients receiving 
long-term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever have 
included scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most 
common; other types of dermatitis are seen more rarely. Other more serious forms which may 
be fatal have included bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens- 
Johnson syndrome, and toxic epidermal necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reported 
in association with administration of phenytoin. These have included thrombocytopenia, leuko- 
penia, granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow sup- 
pression. While macrocytosis and megaloblastic anemia have occurred, these conditions usually 
respond to folic acid therapy. Lymphadenopathy including benign lymph node hyperplasia, pseu- 
dolymphoma. lymphoma, and Hodgkin's Disease have been reported (see Warnings). 
Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis, and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptoms 
such as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic 
lupus erythematosus, immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimated 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are 
tremor, hyperreflexia, lethargy, slurred speech, nausea, vomiting. The patient may become 
comatose and hypotensive. Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where 
toxicity may occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 
mcg/mL, dysarthria and lethargy appear when the plasma concentration is over 40 mcg/mL, but 
as high a concentration as 50 mcg/mL has been reported without evidence of toxicity. As much 
as 25 times the therapeutic dose has been taken to result in a serum concentration over 100 
mcg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and 
appropriate supportive measures employed. Hemodialysis can be considered since phenytoin 
is not completely bound to plasma proteins. Total exchange transfusion has pou! used in the 
treatment of severe intoxication in children. 
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As rare as a seizure on 
Dilantin weenie: phenytoin sodium capsules, USP) 100 mg 


“Once in a blue moon” describes the phenomenon in which 
the moon appears as a brilliant blue. Seen worldwide following 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 um in 
diameter, form in abundance—an exceedingly rare event3 


1990 Warner-Lambert Company 


For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way! 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 .g/mL),? often with 
once-daily therapy (Dilantin? Kapseals*), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 


see another seizure. 


- Dilantin 
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MAG AUTOANTIBODY TEST 


GM1 AUTOANTIBODY TEST 


THE DYSTROPHIN TEST 


Genica is dedicated to providing innovative 
tests for the diagnosis of neurological 
disorders. Adapting discoveries from the 
research laboratory insures that Genica will 
be at the forefront of developing and 


advancing neurological diagnostics. 


Genica’s reference laboratory now offers 


diagnostic testing for: 


Patients suspected of having peripheral 
neuropathy or motor neuron disease: 

* MAG AUTOANTIBODY TEST 

+ GM1 AUTOANTIBODY TEST 
Duchenne/Becker muscular dystrophy: 
+ THE DYSTROPHIN TEST 


Please phone us for information on our 
neurological diagnostic testing services 


at 1-800-777-5579. 


Genica Pharmaceuticals Corporation 
Two Biotech Park 

373 Plantation Street 

Worcester, MA 01605 
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The Comprehensive Headache Center 
at The Germantown Hospital and Medical Center 
in cooperation with Temple University School of Medicine, Department of Neurology 
Presents 


Update in the Diagnosis and Treatment 
of Headache, Facial Pain and Neuralgia 


Presented by a nationally known panel of headache experts. 
E 


Saturday, March 16, 1991 
8:30 A.M. - 3:15 P.M. 


at The Germantown Hospital and Medical Center 
One Penn Boulevard, Philadelphia, PA 
(adjacent to LaSalle University at the intersection of Wister, Chew and Olney Avenues) 


Featured Speakers and Topics: Additional participants will include: 





Moderator: Elliott A. Schulman, M.D.* Gregory J. Tramuta, M.D.*, Chief, Psychiatry Section, 
Attending Neurologist, The Germantown Hospital and Medical Center; 
The Germantown Hospital and Medical Center; Associate Clinical Professor of Psychiatry, 
Associate Professor of Neurology, Temple University Hospital 
Temple University Hospital Ronald S. Kaiser, Ph.D.*, Licensed Psychologist; 
Pathogenesis and Current Treatment of Migraine Affiliate, Psychiatry Section, 
Stephen D. Silberstein, M.D.* The Germantown Hospital and Medical Center; 


Assistant Professor, Department of Psychiatry, 


Chief, N logy Section, ; ; 
OARE E ae Temple University 


The Germantown Hospital and Medical Center; 
Associate Professor of Neurology, Joseph P. Primavera, III, M.A.*, Licensed 
Temple University Hospital Psychologist; Affiliate, Psychiatry Section, 


G H ital Medical 
The Emergency Treatment of Headache The Germantown Hospital and Medical Center 
John G. Edmeads, M.D. William B. Young, M.D., Attending Neurologist, 
Professor of Medicine (Neurology), The Germantown Hospital and Medical Center 


University of Toronto A round-table discussion will include controversial 


Management of the Cranial Neuralgias and topics in headache management and difficult cases. 
Atypical Facial Pain Plan to bring your difficult cases for discussion. 


Donald J. Dalessio, M.D. *Co-Director, Comprehensive Headache Center 


Senior Consultant, Division of Neurology, Scripps Clinic Funding for this Symposium provided by GLAXO, INC. 
and Research Foundation, LaJolla, California 73 


Neuro-Ophthalmologic Complications of Migraine 
Diagnosis and Management of Idiopathic 
Intracranial Hypertension (Pseudotumor Cerebri) 
James J. Corbett, M.D. 

Professor and Chairman, Department of Neurology, Registration Fee: 
University of Mississippi Medical Center $25.00 (includes coffee break, lunch and 
registration materials) Return by March 1, 1991. 


Credits: 
5 Category | credits for AMA Physician's 
Recognition Award 


Please make checks payable to: 

The Germantown Hospital and Medical Center 
Comprehensive Headache Center 

One Penn Boulevard, Philadelphia, PA 19144 
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FIRST, YOU CAN'T 
SWALLOW. 


THEN YOU CAN'T 


SPEAK. 


FINALLY, YOU CAN'T 
BREATHE. 





You have ALS — “Lou Gehrig's disease.” major ALS research centers and maintains some 
Gradually, you'll become unable to walk or 230 clinics to help people with ALS and other 
use your hands. You'll find yourself drooling. neuromuscular disorders. And MDA is the only 


voluntary health agency that 
provides patients with a wide range 
of medical care and equipment free 
of charge. 

You can help MDA fight ALS 
and dozens of other neuromuscular 
disorders by making a tax-deductible 
donation to the Association. You 
can even specify that your check is 
to be used exclusively to benefit 
ALS patients. 


Your reflexes will disappear. ee -J 

Your mind, however, will ger” “eee 
remain completely clear, leaving a 
you a frustrated prisoner in a body 
you can’t control. 

ALS is a fatal neuromuscular 
disorder that attacks adults in the 
prime of life. Right now, no cure is 
known. But the Muscular Dystrophy 
Association has launched an all-out : 
assault against this dread disease. ms 4 

MDA has developed the aX There are 20,000 ALS patients 
world’s largest integrated ALS re- ci in America who can’t write checks or 
search and patient services program. Lou Gehrig even read this ad out loud. Please 
The Association has established five Yankee’s Hall-of-Famer send your contribution to MDA today. 


MDA. 


Muscular Dystrophy Association, Jerry Lewis, National Chairman 





To make a donation or bequest to MDA, or for more information on MDA and ALS, write to: 
Muscular Dystrophy Association, 810 Seventh Avenue, New York, NY 10019. Or contact your local MDA office 


MDA ® is a registered service mark of Muscular Dystrophy Association, Inc 
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What will you tell her about 


7 


Screening Mammo 
Guidelines 

Women with No Symptoms 
Age: 
35-39 
40-49 


graphy 


Baseline 
Every 1-2 years 


50&up Every year 





screening mammography? 


Many of your patients will hear about screening 
mammography through a program launched by the 
American Cancer Society and the American College 
of Radiology, and they may come to you with 
questions. What will you tell them? 

We hope you'll encourage them to have a 
screening mammogram, because that, along with 


AMERICAN Professional Education Dept. 


National Headquarters 
Y CANCER 90 Park Avenue 
% SOCIETY New York, New York 10016 


or your local society 


your regular breast examinations and their monthly 
self examinations, offers the best chance of early 
detection of breast cancer, a disease which will strike 
one woman in 10. 

If you have questions about breast cancer 
detection for asymptomatic women, please contact 
us. 


A 


American 1891 Preston White Drive 
College of Reston, Virginia 22091 
Radiology (703) 648-8900 
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There is only one organization dedicated solely to fighting 
amyotrophic lateral sclerosis. The ALS Association. 


Its Four Missions: 


Research 
to fund state-of-the-art, innovative ALS research 


Patient Services 
to help ALS patients, their families and caregivers 


Information 
to serve as the national ALS information center 


Education 
to stimulate public support through ALS education 





Together we will 
find the answer. 


e 
4 

FIN. 

The ALS Association 

21021 Ventura Blvd., Suite 321 


Woodland Hills, CA 91364 
818/340-7500 


a 
A superb guide 
“by clinicians for 
clinicians” . . . now 
substantially revised, 


a updated, and expanded 





VOLUME 35 IN 
THE CONTEMPORARY 
NEUROLOGY SERIES 





“.. . the authors attempted to 
synthesize the results of basic oculomotor 
research into a form useful to clinicians 
and to use this synthesis to interpret the 
pathophysiology of the signs and symptoms 
of eye movement disorders. If one asks 
whether they have accomplished their 
task, the answer must be unequivocally 
affirmative.” American Journal of 
Ophthalmology, August 1983, reviewing 
the first edition. 

The new edition of this highly 
praised text has been completely rewritten, 
revised, and expanded. With many new 
references, new material is included 
throughout, and a new chapter 
demonstrates the anatomical substrate 
for the gaze-holding network (neural 
integrator). Other advances since the 
publication of the first edition of The 
Neurology of Eye Movements include new 
insight into the role of the otolith-ocular 
reflexes, identification of a pathway for 
smooth pursuit, and elucidation of eye-head 
movements. Perhaps the most impressive 


“phenomenology” 


Review the 
the usefulness of 


Neuroscience, 


Cleveland, Ohio 
and David S. Zee, 


Neuroscience, 


~ jesi 
ears ogi 
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Second Edition 


advance in the field has been the progress 
in clinical reports from simple 


of pathophysiological mechanisms for 
observed abnormalities of eye movements. 


... and order your copy today. 


By R. John Leigh, MD, MRCP (UK) 
Professor, Departments of Neurology, 


Biomedical Engineering 
Case Western Reserve University 
University Hospitals of Cleveland and 
Veterans Affairs Medical Center 


The Wilmer Ophthalmological Institute 
Johns Hopkins University School of Medicine 
Baltimore, Maryland 


About 550 pp., 100 ill., 45 tables. 
Ready February 1991. About $70.00. 








towards the presentation TABLE OF CONTENTS 


Part I. The Properties and Neural 
Substrate of Eye Movements 


1. A Survey of Eye Movements: 
Characteristics and Teleology 


. The Vestibular-Optokinetic System 

. The Saccadic System 

. Smooth Pursuit and Visual Fixation 

. Gaze Holding and the Neural Integrator 


. Synthesis of the Command for Conjugate 
Eye Movements 


. Eye-Head Movements 
. Vergence Eye Movements 


Table of Contents . . . note 
the topics to your practice 


Otolaryngology, and 


MD 


Professor, Departments of Neurology, 


and Otolaryngology Part II. The Diagnosis of Disorders of 


Eye Movements 
9. Diagnosis of Peripheral Ocular Motor 
Palsies and Strabismus 


10. Diagnosis of Central Disorders of 
Ocular Motility 


MORE TITLES FROM THE CONTEMPORARY NEUROLOGY SERIES .. . 


Guillain-Barré Syndrome 


This thorough clinical reference provides an in-depth understanding of 
the disease, based on world-wide literature and more than ten years spent 
observing and caring for over 300 patients. Current modes of therapy are 
described in detail and critically evaluated, including plasmapheresis, 
high-dose steroids, and intravenous gamma globulin. 

By Allan H. Ropper, MD; Eelco F. M. Wijdicks, MD; and Bradley 

T. Truax, MD. 

Contemporary Neurology Series, Volume 34 

About 345 pp. Illustd. Ready January 1991. About $55.00. 
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Address 
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State Zip 

C Payment Enclosed. We pay postage and handling 
Pennsylvania residents please include 6% state sales tax 

C Bill me. An invoice, including a small charge for postage and 
handling, will accompany each book you order. State sales tax 
will be charged where appropriate. 

© I would like to charge my purchase through: 

O VISA MasterCard 


Signature 








Account No. 
Expiration 
Date 
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Prices are subject to change without notice 
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Spinal Cord Compression: 

Diagnosis and Principles of Management 

Here is a comprehensive yet practical guide to the many forms of non-traumatic 
spinal cord compression, their differential diagnosis, and principles of 
management. The text demonstrates the use of patient history, physical 
examination, and up-to-date imaging techniques to discover the causes of pain 
and disability and determine appropriate therapy. 

By Thomas N. Byrne, MD; and Stephen G. Waxman, MD, PhD. 

Contemporary Neurology Series, Volume 33 

278 pp. Illustd. May 1990. $65.00. 


ae Law OS — please send me the indicated titles on 30-day approval. m 


5528. Leigh & Zee: The Neurology of Eye Movements, 2nd Edition. Ready 
February 1991. About $70.00. 
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5652. Liveson: Peripheral Neurology: Case Studies in Electrodiagnosis, New I 
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2nd Edition. Ready March 1991. About $60.00. | 
7008. Porter et al.: Alcohol and Seizures: Basic Mechanisms and Clinical I 
Concepts. May 1990. $65.00. 
0584. Baloh & Honrubia: Clinical Neurophysiology of the Vestibular System, I 
2nd Edition. $65.00. January 1990. i 
3201. Engel: Seizures and Epilepsy. $90.00. July 1989. i 
5342. Kimura. Electrodiagnosis in Diseases of Nerve and Muscle: Principles I 
and Practice, 2nd Edition. $89.00. April 1989. 
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Seizures controlled, 
thoughts clear, smiles bright 
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Tegretol® 


carbamazepine USP 
Chewable Tablets of 100 mg—red-speckied, pink Tablets of 200 mg—pink 


WARNING 
APLASTIC ANEMIA AND AGRANULOCYTOS!S HAVE BEEN REPORTED IN ASSOCI- 
ATION WITH THE USE OF TEGRETOL DATA FROM A POPULATION-BASED CASE 
CONTROL STUDY DEMONSTRATE THAT THE RISK OF DEVELOPING THESE REAC- 
TIONS IS 5-8 TIMES GREATER THAN IN THE GENERAL POPULATION HOWEVER 
THE OVERALL RISK OF THESE REACTIONS IN THE UNTREATED GENERAL POPU- 
LATION IS LOW, APPROXIMATELY SIX PATIENTS PER ONE MILLION POPULATION 
PER YEAR FOR AGRANULOCYTOSIS AND TWO PATIENTS PER ONE MILLION 
POPULATION PER YEAR FOR APLASTIC ANEMIA 

ALTHOUGH REPORTS OF TRANSIENT OR PERSISTENT DECREASED PLATELET 
OR WHITE BLOOD CELL COUNTS ARE NOT UNCOMMON IN ASSOCIATION WITH 
THE USE OF TEGRETOL. DATA ARE NOT AVAILABLE TO ESTIMATE ACCURATELY 
THEIR INCIDENCE OR OUTCOME HOWEVER, THE VAST MAJORITY OF THE 
CASES OF LEUKOPENIA HAVE NOT PROGRESSED TO THE MORE SERIOUS CONDI- 
TIONS OF APLASTIC ANEMIA OR AGRANULOCYTOSIS 

BECAUSE OF THE VERY LOW INCIDENCE OF AGRANULOCYTOSIS AND APLAS- 
TIC ANEMIA, THE VAST MAJORITY OF MINOR HEMATOLOGIC CHANGES 0B- 
SERVED IN MONITORING OF PATIENTS ON TEGRETOL ARE UNLIKELY TO SIGNAL 
THE OCCURRENCE OF EITHER ABNORMALITY NONETHELESS. COMPLETE PRE- 
TREATMENT HEMATOLOGICAL TESTING SHOULD BE OBTAINED AS A BASELINE 
IF A PATIENT IN THE COURSE OF TREATMENT EXHIBITS LOW OR DECREASED 
WHITE BLOOD CELL OR PLATELET COUNTS. THE PATIENT SHOULD BE 
MONITORED CLOSELY DISCONTINUATION OF THE DRUG SHOULD BE CON- 
SIDERED IF ANY EVIDENCE OF SIGNIFICANT BONE MARROW DEPRESSION 
DEVELOPS 





Before prescribing Tegretol, the physician should be thoroughly familiar with the 
details of this prescribing information, particularly regarding use with other drugs, 
especially those which accentuate toxicity potential. 


DESCRIPTION 
Tegretol, carbamazepine USP ıs an anticonvulsant and specific analgesic for trigeminal 
neuralgia, available as chewable tablets of 100 mg and tablets of 200 mg for oral 
administration. Its chemical name is SH-dibenz(b.f]azepine-5-carboxamide. and its struc- 
tural formula is 


N 
I 
CONH, 


Carbamazepine USP ıs a white to off-white powder, practically insoluble in water and 
soluble in alcoho! and in acetone Its molecular weight is 236.27 
Inactive Ingredients Colloidal silicon dioxide. FD&C Red No 3 (chewable tablets only), 
FD&C Red No 40 (200-mg tablets only). flavoring (chewable tablets only). gelatin 
glycerin. magnesium stearate. sodium starch glycolate (chewable tablets only). starch. 
Stearic acid, and sucrose (chewable tablets only). 


CLINICAL PHARMACOLOGY 
in controlled clinical tnais. Tegretol has been shown to be effective in the treatment of 
psychomotor and grand mal seizures. as well as trigeminal neuralgia 

it has demonstrated anticonvulsant properties in rats and mice with electrically and 
chemically induced seizures. It appears to act by reducing polysynaptic responses and 
blocking the post-tetanic potentiation Tegretol greatly reduces or abolishes pain induced 
by stimulation of the infraorbital nerve in cats and rats. It depresses thalamic potential and 
bulbar and potysynaptic reflexes. inciuding the linguomandibular refiex in cats Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to contro! the pain of 
tngeminal neuralgia. The mechanism of action remains unknown 

Tegretol tablets are adequately absorbed after oral administration at a slower rate than a 
solution. thus avoiding undesirably high peak concentrations Tegretol chewable tablets 
may produce higher peak levels than the same dose given as regular tablets Tegretol in 
blood ıs 76% bound to plasma proteins Plasma levels of Tegretol are variable and may 
range from 0 5-25 ug/ml. with no apparent relationship to the daily intake of the drug 
Usual adult therapeutic levels are between 4 and 12 ug/ml. Following oral administration. 
serum levels peak at 4 to 5 hours. The CSF/serum ratio is 0.22. simular to the 22% 
unbound Tegretol in serum Because Tegretol may induce its own metabolism, the half-life 
is also variable. Initial half-life values range from 25-65 hours, with 12-17 hours on 
repeated doses Tegretol is metabolized in the liver After oral administration of 14C-carba- 
mazepine, 72% of the administered radioactivity was found in the unne and 28% in the 
feces This urinary radioactivity was composed largely of hydroxylated and conjugated 
metabolites, with only 3% of unchanged Tegretol. Transplacental passage of Tegretol is 
rapid (30 to 60 minutes), and the drug is accumulated in fetal tissues. with higher levels 
found in liver and kidney than in brain and lungs 


INDICATIONS AND USAGE 
Epilepsy: Tegretol ıs indicated for use as an anticonvulsant drug Evidence supporting 
efficacy of Tegretol as an anticonvulsant was derived from active drug-controlied studies 
that enrolled patients with the following seizure types 
1 Partial seizures with complex symptomatology (psychomotor, temporal lobe) Patients 
with these seizures appear to show greater improvement than those with other types 
2 Generalized tonic-clonic seizures (grand mal). 
3 Mixed seizure patterns which include the above. or other partial or generalized 
seizures 

Absence seizures (petit mal) do not appear to be controiled by Tegretol (see PRECAU- 
TIONS, General) 
Trigeminal Neuralgia: Tegretol ıs indicated in the treatment of the pain associated with 
true trigeminal neuralgia 

Beneficial results have also been reported in glossopharyngeal neuralgia 

This drug is not a simple analgesic and should not be used for the relief of trivial aches or 
pains 


CONTRAINDICATIONS 

Tegretol should not be used in patients with a history of previous bone marrow depression 
hypersensitivity to the drug, or known Sensitivity to any of the tricyclic compounds, such 
as amitriptyline, desipramine, imipramine. protriptyline, nortriptyline, etc. Likewise. on 
theoretical grounds its use with monoamine oxidase inhibitors is not recommended 
Before administration of Tegretol. MAO inhibitors should be discontinued tor a minimum 
of fourteen days. or longer if the clinical situation permits 


WARNINGS 
Patients with a history of adverse hematologic reaction to any drug may be Darticularty at 
nsk 

Severe dermatologic reactions including toxic epidermal necrolysis (Lyells syndrome) 
and Stevens-Johnson syndrome. have been reported with Tegretol These reactions have 
been extremely rare However, a tew fatalities have been reported 

Tegretol has shown mild anticholinergic activity. therefore, patients with increased 
intraocular pressure should be ciosely observed during therapy 

Because of the relationship of the drug to other tricyclic compounds. the possibility of 
activation of a latent psychosis and, in elderly patients. of contusion or agitation should be 
borne in mind 


PRECAUTIONS 
General: Betore mitiating therapy. a detailed history and physical examination should be 
made 

Tegretol should be used with caution in patients with a mixed seizure disorder that 
includes atypical absence seizures, since in these patients Tegretol has been associated 
with increased frequency of generalized convulsions (see INDICATIONS AND USAGE). 

Therapy should be prescribed only after critical benelit-to-risk appraisal in patients with 
a history of cardiac. hepatic or renal damage. adverse hematologic reaction to other 
drugs. or interrupted courses of therapy with Tegretol 
Information tor Patients: Patients should be made aware of the early toxic signs and 
symptoms of a potential hematologic problem. such as fever. sore throat. ulcers in the 
mouth, easy bruising, petechial or purpuric hemorrhage. and should be advised to report 
to the physician immediately if any such signs or symptoms appear 

Since dizziness and drowsiness may occur, patients should be cautioned about the 
hazards of operating machinery or automobiles or engaging in other potentially dangerous 
tasks 
Laboratory Tests: Complete pretreatment biood counts, including platelets and possibly 
reticulocytes and serum iron, should be obtained as a baseline |f a patient in the course of 
treatment exhibits low or decreased white blood cell or platelet counts, the patient should 





be monitored ciosely. Discontinuation of the drug should be considered if any evidence of 
significant bone marrow depression develops 
Baseline and periodic evaluations of liver function, particularly in patients with a history 
of liver disease. must be performed dunng treatment with this drug since liver damage 
may occur The drug should be discontinued immediately in cases of aggravated liver 
dystunction or active liver disease 
Baseline and penodic eye examinations. including slit-lamp, funduscopy and tonome- 
try. are recommended since many phenothiazines and related drugs have been shown to 
cause eye changes 
Baseline and periodic complete urinalysis and BUN determinations are recommended 
for patients treated with this agent because of observed renal dysfunction 
Monitoring of blood levels (see CLINICAL PHARMACOLOGY) has increased the efficacy 
and safety of anticonvulsants This monitonng may be particularly useful in cases of 
dramatic increase in seizure frequency and for verification of compliance in addition 
Measurement of drug serum levels may aid in determining the cause of toxicity when more 
than one medication is being used 
Thyroid function tests have been reported to show decreased values with Tegretol 
administered alone 
Hyponatremia has been reported in association with Tegretol use. either alone or in 
combination with other drugs 
Drug Interactions: The simultaneous administration of phenobarbital, phenytoin. or 
pnmidone. or a combination of two, produces a marked lowering of serum levels of 
Tegreto! The effect of valproic acid on Tegretol blood levels ıs not clearly established 
although an increase in the ratio of active 10. 11-epoxide metabolite to parent compound 1s 
a consistent finding 
The haif-lves of phenytoin, warfann. doxycycline. and theophylline were significantly 
shortened when administered concurrently with Tegretol! Haloperidol and valproic acid 
serum levels may be reduced when these drugs are administered with Tegretol The doses 
of these drugs may therefore have to be increased when Tegretol is added to the 
therapeutic regimen 
Concomitant administration of Tegreto! with erythromycin, cimetidine. propoxyphene. 
isoniazid or calcium channel blockers has been reported to result in elevated plasma Jevels 
of carbamazepine resulting in toxicity in some cases Also, concomitant administration of 
carbamazepine and lithium may increase the nsk of neurotoxic side ettects 
Alterations of thyroid tunction have been reported in combination therapy with other 
anticonvulsant medications 
Breakthrough bleeding has been reported among patients receiving concomitant oral 
contraceptives and their reliability may be adversely affected 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Carbamazepine, when adminis- 
tered to Sprague-Dawley rats for two years in the diet at doses of 25, 75. and 250 
mg/kg/day. resulted in a dose-related increase in the incidence of hepatocellular tumors in 
females and of benign interstitial cell adenomas in the testes of males 
Carbamazepine must. therefore, be considered to be carcinogenic in Sprague-Dawley 
rats Bactenal and mammalian mutagenicity studies using carbamazepine produced 
Negative results The significance of these findings relative to the use of carbamazepine in 
humans ıs. at present. unknown 
Pregnancy Category C: Tegretol has been shown to nave adverse effects in reproduction 
Studies in rats when given orally in dosages 10-25 times the maximum human daily dosage 
of 1200 mg In rat teratology studies. 2 of 135 oftspring showed kinked ribs at 250 mg/kg 
and 4 of 119 offspring at 650 mg/kg showed other anomalies (cleft palate. 1. talipes, 1 
anophthalmos. 2) in reproduction studies in rats, nursing offspring demonstrated a lack 
of weight gain and an unkempt appearance at a maternal dosage level of 200 mgg 
There are no adequate and weil-controlied studies in pregnant women Epidemiological 
data suggest that there may be an association between the use of carbamazepine dunng 
pregnancy and congenital malformations. including spina bifida Tegretol should be used 
during pregnancy only if the potential benefit justifies the potential nsk to the fetus 
Retrospective case reviews suggest that. compared with monotherapy. there may be a 
higher prevalence of teratogenic effects associated with the use of anticonvulsants in 
combination therapy Therefore. monotherapy is recommended for pregnant women 


Only TEGRETOL, 
brand of carbamazepine, 
provides the prescribing 


flexibility of a 100-mg scored 
chewable tablet, as well as 
a 200-mg scored tablet. 





Itas important to note that anticonvulsant drugs should not be discontinued in patients 
in whom the drug is administered to prevent major seizures because of the strong 
Possibility of precipitating status epilepticus with attendant hypoxia and threat to life In 
individual cases where the severity and frequency of the seizure disorder are such that 
removal of medication does not pose a serious threat to the patient. discontinuation of the 
drug may be considered prior to and during pregnancy. although ıt cannot be said with any 
Confidence that even minor seizures do not pose some hazard to the developing embryo or 
fetus 
Labor and Delivery: The ettect of Tegretol on human labor and delivery is unknown 
Nursing Mothers: During lactation. concentration of Tegretol in milk is approximately 60% 
of the maternal plasma concentration 

Because of the potential for serous adverse reactions in nursing infants from car- 
bamazepine. a decision should be made whether to discontinue nursing or to discontinue 
the drug, taking into account the importance of the drug to the mother 
Pediatric Use: Satety and effectiveness in children below the age of 6 years have not been 
established 


ADVERSE REACTIONS 
If adverse reactions are of such severity that the drug must be discontinued. the physician 
must be aware that abrupt discantinuation of any anticonvulsant drug in a responsive 
epileptic patient may lead to seizures or even status epilepticus with its lite-threatening 
hazards 

The most severe adverse reactions have been observed in the hemopoietic system (see 
boxed WARNING). the skin and the cardiovascular system 

The most frequently observed adverse reactions. particularly during the initial phases of 
therapy. are dizziness. drowsiness, unsteadiness, nausea, and vomiting To minimize the 
Possibility of such reactions. therapy should be initiated at the low dosage recommended 

The following additional adverse reactions have been reported 
Hemopovenc System Aplastic anemia. agranulocytosis. pancytopenia. bone marrow 
depression, thrombocytopenia, leukopenia, leukocytosis. eosinophilia, acute intermittent 
porphyria 
Skin’ Pruritic and erythematous rashes. urticaria. toxic epidermal necrolysis (Lyell’s 
syndrome) (see WARNINGS), Stevens-Johnson syndrome (see WARNINGS). photosen- 
sitivity reactions. alterations in skin pigmentation. exfoliative dermatitis. erythema multi- 
forme and nodosum. purpura, aggravation of disseminated lupus erythematosus 
alopecia, and diaphoresis_In certain cases, discontinuation ot therapy may be necessary 
Cardiovascular System. Congestive heart failure. edema. aggravation of hypertension 
hypotension. syncope and collapse, aggravation of coronary artery disease. arrhythmias 
and AV block. primary thrombophlebitis. recurrence of thrombophlebitis, and adenopathy 
or lymphadenopathy 

Some of these cardiovascular complications have resulted in fatalities Myocardial 
infarction has been associated with other tncyclic compounds 
Liver Abnormalities in liver function tests. cholestatic and hepatocellular jaundice. 
hepatitis 
Respiratory System Pulmonary hypersensitivity characterized by tever. dyspnea, pneu- 
monitis or pneumonia 
Genitourinary System Urinary frequency. acute urinary retention. oliguna with elevated 
blood pressure. azotemia, renal failure. and impotence. Albuminuna. glycosuna. elevated 
BUN and microscopic deposits in the urine have aiso been reported 

Testicular atrophy occurred in rats recerving Tegretol orally trom 4 to 52 weeks at dosage 
Jevels of 50 to 400 mg/kg/day Additionally. rats recerving Tegretol in the diet for two years 
at dosage leveis of 25. 75. and 250 mg/kg/day had a dose-related incidence of testicular 
atrophy and aspermatogenesis In dogs. it produced a brownish discoloration. presum- 
ably a metabolite. in the unnary bladder at dosage levels of 50 mg/kg and higher 
Relevance of these findings to humans is unknown 
Nervous System Dizziness, drowsiness. disturbances of coordination. contusion. head- 
ache. fatigue. blurred vision. visual hallucinations, transient diplopia. oculomotor distur- 
Dances, nystagmus, speech disturbances, abnormal involuntary movements, peripheral 
neuritis and paresthesias, depression with agitation, talkativeness, tinnitus. and 
hyperacusis 

There have been reports of associated paralysis and other symptoms of cerebral artenal 
insutficiency. but the exact relationship of these reactions to the drug has not been 
established 
Digestive System Nausea, vomiting, gastric distress and abdominal pain. diarrhea. consti- 
pation. anorexia. and dryness of the mouth and pharynx. including glossitis and stomatitis 


Eyes’ Scattered. punctate cortical lens opacities. as well as conjunctivitis have been 
reported Although a direct causal relationship has not been established, many phe- 
nothiazines and related drugs have been shown to cause eye changes 
Musculoskeletal System Aching joints and muscles, and leg cramps 
Metabolism Fever and chills Inappropriate antidiuretic hormone (ADH) secretion syn- 
drome has been reported Cases of frank water intoxication. with decreased serum sodium 
(hyponatremia) and contusion have been reported in association with Tegretol use (see 
PRECAUTIONS. Laboratory Tests) 
Other Isolated cases of a lupus erythematosus-like syndrome have been reported There 
have been occasional reports ot elevated levels of cholesterol. HDL cholesterol and 
triglycerides in patients taking anticonvulsants 

A case of aseptic meningitis. accompanied by myoclonus and peripheral eosinophilia 
has been reported in a patient taking carbamazepine in combination with other medica- 
tons The patient was successtully dechallenged. and the meningitis reappeared upon 
rechallenge with carbamazepine 
DRUG ABUSE AND DEPENDENCE 
No evidence of abuse potential has been associated with Tegretol. nor is there evidence of 
Psychological or physical dependence in humans 


OVERDOSAGE 
Acute Toxicity 
Lowest known lethal dose adults >60 g (39-year-old man) Highest known doses 
survived adults. 30 g (31-year-old woman). children. 10 g (6-year-old boy) small 
children. 5 g (3-year-old girl) 

Oral LD50 in animals (mg/kg) mice. 1100-3750. rats, 3850-4025, rabbits, 1500-2680. 
guinea pigs 920 
Signs and Symptoms 
The first signs and symptoms appear atter 1-3 hours Neuromuscular disturbances are the 
Most prominent Cardiovascular disorders are generally milder and severe cardiac com- 
plications occur only when very high doses (>60 g) have been ingested 
Respiration Irregular breathing, respiratory depression 
Cardiovascular System Tachycardia, hypotension or hypertension. shock. conduction 
disorders 
Nervous System and Muscles impairment of consciousness ranging in severity to deep 
coma Convulsions. especialty in small children Motor restlessness. muscular twitching 
tremor. athetoid movements. opisthotonos. ataxia drowsiness. dizziness. mydriasis 
nystagmus. adiadocnokinesia. ballism, psychomotor disturbances, dysmetna Initial 
hyperretiexia. foliowed by hyporefiexia 
Gastrointestinal Tract Nausea. vomiting 
Kidneys and Bladder Anuna of oliguria. urinary retention 
Laboratory Findings Isolated instances of overdosage have included leukocytosis. re 
duced leukocyte count. glycosuria and acetonuria EEG may show dysrhythmias 
Combined Poisoning When alcohol, tricyclic antidepressants. barbiturates or hydantoins 
are taken at the same time. the signs and symptoms of acute poisoning with Tegretol may 
be aggravated or modified 
Treatment 
The prognosis in cases of severe poisoning is critically dependent upon prompt elimination 
of the drug. which may be achieved by inducing vomiting. irrigating the stomach. and by 
taking appropriate steps to diminish absorption 1f these measures cannot be Implemented 
without risk on the spot. the patient should be transterred at once to a hospital, while 
ensuring that vital functions are sateguarded There is no specific antidote 
Elimination of the Drug. Induction of vomiting 

Gastric lavage Even when more than 4 hours have elapsed following ingestion of the 
drug. the stomach should de repeatedly irrigated especially if the patient nas also 
consumed alcoho! 
Measures to Reduce Absorption. Activated charcoal. laxatives 
Measures to Accelerate Elimination. Forced diuresis 

Dialysis ıs indicated only in severe poisoning associated with renal failure. Replacement 
transfusion ıs indicated in severe poisoning in small children 
Respiratory Depression Keep the airways free. resort. it necessary. to endotracheal 
intubation, artificial respiration, and administration of oxygen 
Hypotension, Shock Keep the patient's legs raised and administer a plasma expander It 
blood pressure fails to nse despite measures taken to increase plasma volume. use of 
vasoactive substances should be considered 
Convulsions Diazepam or barbiturates 
Warning Diazepam or barbiturates may aggravate respiratory depression (especially in 
children), hypotension. and coma However. barbiturates should not be used if drugs that 
inhibit Monoamine oxidase have aiso been taken by the patient either in overdosage or in 
recent therapy (within one week). 
Surveillance Respiration, cardiac function (ECG monitoring). blood pressure body tem- 
perature. pupillary reflexes. and kidney and bladder function should be monitored tor 
several days 
Treatment of Blood Count Abnormalities. t evidence of significant bone marrow depres- 
sion develops. the following recommendations are suggested (1) stop the drug. (2) 
perform daily CBC. platelet and reticulocyte counts. (3) do a bone marrow aspiration and 
trephine biopsy immediately and repeat with sufficient frequency to monitor recovery 

Special periodic studies might de heiptul as follows. (1) white cell and platelet ant- 
bodies, (2) 59Fe—terrokinetic studies, (3) peripheral blood cell typing. (4) cytogenetic 
studies on marrow and peripheral blood. (5) bone marrow culture studies for colony- 
forming units. (6) hemoglobin electrophoresis for Ag and F hemoglobin, and (7) serum 
folic acid and B43 levels 

A tully developed aplastic anemia will require appropriate, intensive monitoring and 
therapy. tor which specialize consultation should be sought 


DOSAGE AND ADMINISTRATION 

Monitoring of blood levels has increased the efficacy and safety of anticonvulsants (see 
PRECAUTIONS. Laboratory Tests) Dosage should be adjusted to the needs of the individ- 
ual patient A low initial daily dosage with a gradual increase is advised. AS soon as 
adequate control is achieved. the dosage may be reduced very gradually to the minimum 
effective level. Tablets should be taxen with meals 

Epilepsy (see INDICATIONS AND USAGE) 

Adults and children over 12 years of age—Initial: 200 mg dı d Increase at weekly 
intervals by adding up to 200 mg per day using a tı d or qid regimen until the best 
response is obtained Dosage shouid generally not exceed 1000 mg daily in children 12 to 
15years of age. and 1200 mg daily in patients above 15 years of age Doses up to 1600 mg 
daily have been used in adults in rare instances Maintenance: Adjust dosage to the 
Minimum effective level. usually 800-1200 mg daily 

Children 6-12 years of age —Initial: 100 mg b | d Increase at weekly intervals by adding 
100 mg per day using atid or q.d regimen until the best response is obtained Dosage 
should generally not exceed 1000 mg. Maintenance: Adjust dosage to the minimum 
effective level. usually 400-800 mg daily. 

Combination Therapy: Tegretol may be used alone or with other anticonvulsants When 
added to existing anticonvulsant therapy, the drug should be added gradually while the other 
anticonvulsants are maintained or gradually decreased. except phenytoin, which may have 
to be increased (see PRECAUTIONS, Drug Interactions and Pregnancy Category C) 
Trigeminal Neuralgia (see INDICATIONS AND USAGE) 

Initial: 100 mg d id on the trst day for a total daily dose of 200 mg This daily dose may 
be increased by up to 200 mg a day using increments of 100 mg every 12 hours only as 
needed to achieve freedom trom pain. Do not exceed 1200 mg daily 

Maintenance: Contro! of pain can be maintained in most patients with 400 mg to 800 mg 
daily However, some patients may de maintained on as little as 200 mg daily. while others 
may require as much as 1200 mg daily At least once every 3 months throughout the 
treatment period, attempts should be made to reduce the dose to the minimum effective 
level or even to discontinue the drug 


HOW SUPPLIED 
Chewable Tablets 100 mg—round red-speckied. pink. single-scored (imprinted Tegretol 
on one side and 52 twice on the scored side) 


Bottles of 100 NDC 0028-0052-01 
Unit Dose (blister pack) 

Box of 100 

(stnps of 10) NDC 0028-0052-61 


Tablets 200 mg—capsule-shaped pink, single-scored (imprinted Tegretol on one side 
and 27 twice on the scored side) 

Bottles of 100 

Bottles of 1000 
Gy-Pak*—One Unit 

12 bottles—100 tablets each 
Unit Dose (blister pack) 

Box of 100 

(strips of 10) NDC 0028-0027-61 
Samples. when available, are identified by the word SAMPLE appearing on each tablet 
Protect from moisture 
Dispense in tight container (USP) 
Also available as Tegretol suspension 100 mg/5 mi. in 450 mi bottles 
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Calendar 


1990 
Dec 


1991 
Jan 


Feb 


March 


April 


May 


Arch Neurol—Vol 47, December 1990 


20-26 


15-17 


15-17 


18-20 


20-23 


22-24 


16-20 


17-23 


18-20 


21-33 


21-27 


CALENDAR OF MEETINGS 


“Treatment of Obesity: A Multidisciplinary Approach,’’ Copley Plaza Hotel, Boston Mass. Contact 
Harvard Medical School, 641 Huntington Ave, Boston, MA 02115; (617) 432-1525. 

1990 Neuro-Ophthalmology Course, Miami, Fla. Contact University of Miami School of Medicine, 
Bascom Palmer Eye Institute, PO Box 0-15869, Miami, FL; (305) 326-6099. 

30th annual meeting of the American Society for Cell Biology, San Diego, Calif. Contact Bruce Davis, 
Academia Book Exhibits, 3925 Rust Hill Pl, Fairfax, VA 22030; (703) 691-1109. 


Annual Meeting of the American Academy of Pain Medicine, Clarion Castle Hotel and Resort, Miami 
Beach, Fla. Contact American Academy of Pain Medicine, 5700 Old Orchard Rd, First Floor, Sko- 
kie, IL 60077-1024; (708) 965-2776. 

18th Annual Meeting of the Southern Clinical Neurological Society, Camino Real Hotel, Cancun, 
Mexico. Contact Millie F. Walden, Executive Secretary, 3425 SW Second Ave, Suite 154, Gaines- 
ville, FL 32607; (904) 373-9765. 

14th annual course, ‘“‘Neurology for Nonneurologists,’’ Omni San Diego (Calif) Hotel. Contact Edith 
S. Bookstein, Neurology for Nonneurologists, PO Box 2586, La Jolla, CA 92038; (619) 454-3212. 
“Clinical Neurology for Psychiatrists,” Bahia Mar Resort, Ft Lauderdale, Fla. Contact Office of 
Continuing Medical Education, Albert Einstein College of Medicine / Montefiore Medical Center, 111 
E 210th St, Bronx, NY 10461; (212) 920-6676. 

Sixth Meeting of The International Study Group of the Pharmacology of Memory Disorders Asso- 
ciated with Aging, Zurich, Switzerland. Contact Professor Richard J. Wurtman, Bldg E25-604, 
Whitaker College, Massachusetts Institute of Technology, Cambridge, MA 02139. 

The 24th Annual Recent Advances in Neurology, San Francisco, Calif. Contact Extended Programs 
in Medical Education, University of California, Room C-124, San Francisco, CA 94143-0742; (415) 
476-4251. 

Fifth International Symposium on Intracranial Hemodynamics: Transcranial Doppler and Cerebral 
Blood Flow and Other Modalities, Hyatt Regency Embarcadero Center, San Francisco, Calif. Con- 
tact Conference Coordinator, Institute of Applied Physiology and Medicine, 701 16th Ave, Seattle, 
WA 98122; (206) 442-7330. 

“The Practicing Physician’s Approach to the Difficult Headache Patient,’’ Wyndham Hotel, Palm 
Springs, Calif. Contact Ms Idell Applebaum, Diamond Headache Clinic Research and Educational 
Foundation, 5252 N Western Ave, Chicago, IL 60625; (312) 878-5558. 

“Clinical Neurology for Psychiatrists,” Fisherman’s Wharf Holiday Inn, San Francisco, Calif. Con- 
tact Office of Continuing Medical Education, Albert Einstein College of Medicine / Montefiore Med- 
ical Center, 111 E 210th St, Bronx, NY 10461; (212) 920-6676. 

Fifth Annual Magnetic Resonance Imaging Conference, Marriott’s Camelback Inn, Scottsdale, Ariz. 
Contact Kevin King, Education Coordinator, Radiologic Education Center, St Joseph’s Hospital and 
Medical Center, 350 West Thomas Rd, Phoenix, AZ 85013; (602) 285-3956. 

24th Latin American Congress of Neurosurgery, Miami, Fla. Contact Sergio Gonzalez-Arias, MD, 
8950 N Kendall Dr, Suite 406, Miami, FL 33176; (305) 271-6159. 

“Spectrum of Developmental Disabilities: Cerebral Palsy: Issues of Early Detection and Interven- 
tion,” The Johns Hopkins Medical Institutions, Baltimore, Md. Contact Program Coordinator, The 
Johns Hopkins Medical Institutions, Office of Continuing Education, Turner Bldg, 720 Rutland Ave, 
Baltimore, MD 21205; (301) 955-2959. 

“Recent Advances in Neurology and Neurosurgery,” Scottsdale, AZ. Contact Toby A. Jardine, 
Manager, Administration, Barrow Neurological Institute, 350 W Thomas Rd, Phoenix, AZ 85013; 
(602) 285-3178. 

American Academy of Neurology Annual Meeting, Hynes Convention Center, Boston, Mass. Con- 
tact American Academy of Neurology, 2221 University Ave SE, Suite 335, Minneapolis, MN 55414; 
(612) 623-8115. 

Ecuadoran Society of Neurology, Quito, Ecuador. Contact Ecuadoran Society of Neurology, PO Box 
2821, Quito, Ecuador. 
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lergoramine tartrate 


A A and 9e FENE) Toblets/Suopositories 


e @ Highly Effective: 
Aborts migraines before they start 
Stops migraines in progress 
~ 


@ Reliable and Predictable 


hi The choice from the start 


*MSG, a common additive in Chinese cooking, may precipitate 
migraine attacks in susceptible individuals. 


Please see following page for brief summary of prescribing information. 
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Brief Summary 
Please see package insert for full prescribing information 


CAFERGOT* 


(ergotamine tartrate USP, 1 mg; caffeine USP, 100 mg) 
Tablets 

(ergotamine tartrate USP, 2 mg; caffeine USP, 100 mg) 
Suppositories 


CAFERGOT” P-B 


(ergotamine tartrate USP, 1 mg; caffeine USP, 100 mg; Bellafoline® 
[levorotatory alkaloids of belladonna], 0.125 mg; pentobarbital sodium 
USP, 30 mg [WARNING: May be habit forming]) 

Tablets 

(ergotamine tartrate USP, 2 mg; caffeine USP, 100 mg; Bellafoline® 
[levorotatory alkaloids of belladonna], 0.25 mg; pentobarbital sodium 
USP, 60 mg [WARNING: May be habit forming]) 

Suppositories 


ee 


Per \ >, coronary heart disease, hypertension, impaired hepatic or renal 





Hypersensitivity to any 


of the components 





PRECAUTIONS 
ennauah Signs s and symptoms of ergotism rarely develop even after long term intermittent u: 
d drugs, care should be exercised to remai ain within the limits o 




















by intense arterial vasoconstriction, producing signs and symptoms of 
mia. Ergotamine induces vasoconstriction by a direct action on vascular 
c intoxication with derivatives, headache, intermittent claudication 
S, coldness and pallo digits may occur. If the condition is allo 
ted with ergotamine treatment result from frank over 
nvolved apparent hypersensitivity. There are few reports of ergotism 
among patients taking doses within the mended limits or for brief periods of time. In rare 
cularly those who have medication indiscriminately over long 
lisplay withdrawal symptoms consisting of rebound headache upon discon- 














n reports of drug abuse and psychological depende: n patients on Cafergot® 
and caffeine) therapy. Due to the chronicity of vascular headaches, it is 
nts be advised not to exceed recommended dosages with long-term use to 
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ADVERSE REACTIONS 

Vasoconstricti mplications, at times of a serious nature, may occur. These include pulseless- 
ness, weakness, muscle pains and paresthesias of the extremities and precordial distress and 
pain. Although these effects occur most commonly with long-term therapy at relatively high doses, 
they have also been reported with short-term or normal doses. Other adverse effects include 
transient tachycardia or bradycardia, nausea, vomiting, localized edema and itching. Drowsiness 
may occur with Cafergot® P-B 
DOSAGE AND ADMINISTRATION 
Procedure: For the best results, dosage should start at the first sign of an attack 


PRODROMAL PHASE| PAIN PHASE 

2 tablets at start of attack; 1 additional tab- 

let every % hour. if needed for full relief. 
A % hr. | i 


FTT 


1 suppository at start of attack; second sup 
pository after 1 hour, if needed for full relief. 


A Ah A 
































ORALLY 


— OR 


RECTALLY 


Early Administration Gives Maximum Effectiveness 


MAXIMUM ADULT DOSAGE 
Orally: Total dose for any one attack should not exceed 6 tablets 
Rectally: Two suppositories is the maximum dose for an individual attack 
Total weekly dosage should not exceed 10 tablets or 5 suppositories. 
In carefully selected patients, with due consideration of maximum dosage recommendations, 
administration of the drug at bedtime may be an appropriate short-term preventive measure 


OVERDOSAGE 

The toxic effects of an acute overdosage of Cafergot® (ergotamine tartrate and caffeine) are due 
primarily to the ergotamine component. The amount of caffeine is such that its toxic effects will be 
overshadowed by those of ergotamine. Symptoms include vomiting, numbness, tingling, pain and 
cyanosis of the extremities associated with diminished or absent peripheral pulses; hypertension 
or hypotension; drowsiness, stupor, coma, cdnvulsions and shock. A case has been reported of 
reversible bilateral papillitis with ring scotomata in a patient who received five times the recom- 

mended daily adult dose over a period of 14 days 

Treatment consists of removal of the offending drug by induction of emesis, gastric lavage, and 
catharsis. Maintenance of adequate pulmonary ventilation, correction of hypotension, and tr 
of convulsions are important considerations. Treatment of peripheral vasospasm should consist of 
warmth, but not heat, and protection of the ischemic limbs. Vasodilators may be used with benefit 
but caution must be exercised to avoid aggravating an already existent hypotension 
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Three-way relief 


of tension headache 


1. Alleviates headache pain 





2. Reduces anxiety 





3. Relieves muscle tension 
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FIORIGCET) 


(Each tablet contains: butalbital 50 mg (Warning: May be habit-forming]; acetaminophen 325 mg; and caffeine 40 mg) 


Relieves the entire pain/anxiety/tension syndrome 


For full prescribing information, 
please see following page. 
FCT-0889-01 





Brief Summary 
Please see package insert for full prescribing information. 


FIORICET” 

(butalbital USP, 50 mg [WARNING: May be habit forming]; acetaminophen 
USP, 325 mg; caffeine USP, 40 mg) 

Tablets 


CONTRAINDICATIONS 
Hypersensitivity to acetaminophen, caffeine or barbiturates. Patients with porphyria. 


PRECAUTIONS 

General 
Barbiturates should be administered with caution, if at all, to patients who are mentally 

depressed, have suicidal tendencies, or a history of drug abuse 
Elderly or debilitated patients may react to barbiturates with marked excitement, depression, and 

confusion. In some persons, barbiturates repeatedly produce excitement rather than depression 

Information for Patients: Practitioners should give the following information and instructions to 

Patients receiving barbiturates: 

A The use of barbiturates carries with it an associated risk of psychological and/or physical de- 
pendence. The patient should be warned against increasing the dose of the drug without 
consulting a physician 

B. Barbiturates may impair mental and/or physical abilities required for the performance of 
potentially hazardous tasks (e.g., driving, operating machinery, etc.) 

C. Alcohol should not be consumed while taking barbiturates. Concurrent use of the barbiturates 
with other CNS depressants (e.g., alcohol, narcotics, tranquilizers, and antihistamines) may 
result in additional CNS depressant effects. 

Drug Interactions: Patients receiving narcotic analgesics, antipsychotics, antianxiety agents, or 

other CNS depressants (including alcohol) concomitantly with Fioricet® may exhibit additive CNS 

depressant effects 





Effect 


Decreased effect of anticoagulant because of increased metabolism 
resulting from enzyme induction. 


Decreased blood levels of the antidepressant 


Drugs 


Butalbital w/coumarin 
anticoagulants 
Butalbital w/tricyclic 
antidepressants 


Usage in Pregnancy: Adequate studies have not been performed in animals to determine 
whether this drug affects fertility in males or females, has teratogenic potential or has other adverse 
effects on the fetus. There are no well-controlled studies in pregnant women. Although there is no 
clearly defined risk, one cannot exclude the possibility of infrequent or subtle damage to the 
human fetus. Fioricet® should be used in pregnant women only when clearly needed 

Nursing Mothers: The effects of Fioricet® on infants of nursing mothers are not known. 
Barbiturates are excreted in the breast milk of nursing mothers. The serum levels in infants are be- 
lieved to be insignificant with therapeutic doses 

Pediatric Use: Safety and effectiveness in children below the age of 12 have not been 

established. 


ADVERSE REACTIONS 
The most frequent adverse reactions are drowsiness and dizziness. Less frequent adverse 
reactions are lightheadedness and gastrointestinal disturbances including nausea, vomiting, and 


flatulence. Mental confusion or depression can occur due to intolerance or overdosage of 
butalbital 


DRUG ABUSE AND DEPENDENCE 

Prolonged use of barbiturates can produce drug dependence, characterized by psychic depen- 
dence and tolerance. The abuse liability of Fioricet® is similar to that of other barbiturate- 
containing drug combinations. Caution should be exercised when prescribing medication for 
patients with a known propensity for taking excessive quantities of drugs, which is not uncommon 
in patients with chronic tension headache 


OVERDOSAGE 
The toxic effects of acute overdosage of Fioricet® are attributable mainly to its barbiturate com- 

ponent, and, to a lesser extent, acetaminophen. Because toxic effects of caffeine occur in very high 

dosages only, the possibility of significant caffeine toxicity from Fioricet® overdosage is unlikely. 

Barbiturate 

Signs and Symptoms: Drowsiness, confusion, coma; respiratory depression; hypotension; shock 

Treatment 

1. Maintenance of an adequate airway, with assisted respiration and oxygen administration as 
necessary. 

2. Monitoring of vital signs and fluid balance 

3. If the patient is conscious and has not lost the gag reflex, emesis may be induced with ipecac 
Care should be taken to prevent pulmonary aspiration of vomitus. After completion of vomiting, 
30 grams activated charcoal in a glass of water may be administered. 

4. If emesis is contraindicated, gastric lavage may be performed with a cuffed endotracheal tube in 
place with the patient in the facedown position. Activated charcoal may be left in the emptied 
stomach and a saline cathartic administered 

5. Fluid therapy and other standard treatment of shock, if needed 

6. If renal function is normal, forced diuresis may aid in the elimination of the barbiturate. 
Alkalinization of the urine increases renal excretion of some barbiturates, especially 
phenobarbital. 

7. Although not recommended as a routine procedure, hemodialysis may be used in severe barbi- 
turate intoxication or if the patient is anuric or in shock. 

Acetaminophen 

Signs and Symptoms 
In acute acetaminopher overdosage, dose-dependent, potentially fatal hepatic necrosis is the 

most serious adverse effect. Renal tubular necrosis, hypoglycemic coma, and thrombocytopenia 

may also occur. 

In adults, hepatic toxicity has rarely been reported with acute overdoses of less than 10 grams 
and fatalities with less than 15 grams. Importantly, young children seem to be more resistant than 
adults to the hepatotoxic effect of an acetaminophen overdose. 

Early symptoms following a potentially hepatotoxic overdosage may include: nausea, 
vomiting, diaphoresis, and general malaise. Clinical and laboratory evidence of hepatic toxicity 
may not be apparent until 48-72 hours post-ingestion. 

Treatment 
The stomach should be emptied promptly by lavage or by induction of emesis with syrup of ipe- 

cac. Patients’ estimates of the quantity of a drug ingested are notoriously unreliable. Therefore, if 

an acetaminophen overdose is suspected, a serum acetaminophen assay should be obtained as 
early as possible, but no sooner than four hours following ingestion. Liver function studies should 
be obtained initially and repeated at 24-hour intervals. 

The antidote, N-acetylcysteine, should be administered as early as possible, preferably within 16 
hours of the overdose ingestion for optimal results, but in any case, within 24 hours. Following re- 
covery, there are no residual, structural or functional hepatic abnormalities 

[AUGUST 1, 1989 FCT-210} 
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Albendazole Therapy for 
Neurocysticercosis 


To the Editor.—I have read with in- 
terest the article by Alarcon et al,' as 
it showed that the length of albenda- 
zole therapy for parenchymal brain 
cysticercosis could be considerably 
shortened without lessening its effi- 
cacy. The authors did not state, how- 
ever, how the 3-day course of albenda- 
zole treatment was chosen. Was it 
chosen on an empirical basis? If so, a 
larger number of patients was needed 
to support their findings. 
Albendazole is an imidazole with in- 
tense antiparasitic properties that has 
largely replaced praziquantel as the 
drug of choice for parenchymal brain 
cysticercosis.’ The initial length of 30 
days of albendazole therapy for 
neurocysticercosis* was settled accord- 
ing to that previously used for the 
treatment of human _hydatidosis.° 
When treating patients with cysticer- 
cosis, however, two observations sug- 
gested that the therapeutic effect of 
the drug occurred far before the full 
course of 30 days was completed: first, 
most patients developed adverse reac- 
tions during the initial week of ther- 
apy; such reactions were not due to 
drug toxicity since albendazole is re- 
markably safe in healthy individuals,’ 
but were related to the intense inflam- 
matory reaction developed by the host 
in response to acute destruction of the 
parasites; and second, with the aid of 
serial magnetic resonance imaging we 
have documented the presence of early 
signs of cysticerci damage after the 
beginning of therapy.’ Such signs are 
fully developed at the end of the first 
week of treatment, and include thick- 
ening of the cyst’s capsule, changes in 
the signal properties of the vesicular 
fluid, reduction in the total diameter of 
the cyst, and severe perilesional 
edema. These observations led us to 
evaluate, on a rational basis, the effi- 
cacy of a short course of albendazole 
therapy for parenchymal brain 
cysticercosis.’ In such a study, which 
was unfortunately not quoted by 


1278 


Arch Neurol—Vol 47, December 1990 


Alarcón et al,’ it was demonstrated 
that an 8-day course of albendazole 
therapy was equally as effective as the 
full 30-day course, with the obvious 
advantages of increasing the compli- 
ance of the patient and diminishing 
the cost of therapy. 

We have demonstrated a 97% reduc- 
tion in the number of parenchymal 
brain cysticerci after an 8-day course 
of albendazole,’ a finding that was cor- 
roborated by others,’® and that was 
significantly better than the 64% re- 
duction in the number of cysts re- 
ported by Alarcon et al' after a 3-day 
course of albendazole. Nevertheless, 
the small number of patients in each of 
these series could be the main factor 
accounting for such differences, and I 
agree with the authors that a large 
controlled trial is needed to settle the 
optimal length of albendazole therapy 
for this parasitic disease. With the 
present knowledge, however, I still 
recommend an 8-day course of alben- 
dazole as the initial form of therapy 
for parenchymal brain cysticercosis. 

Oscar H. DEL BRUTTO, MD 
Department of Neurology 
Hospital Luis Vernaza 


PO Box 3734 
Guayaquil, Ecuador 
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In Reply.—The short course of treat- 
ment for neurocysticercosis with 
albendazole! was based on the follow- 
ing observations: the adverse reactions 
to praziquantel or to albendazole occur 
only during the first days of the anti- 
parasitic treatment; these reactions 
have been interpreted as predictors of 
a favorable therapeutic outcome, since 
they are secondary to the destruction 
of the parasites.** In an unpublished 
study that was carried out in our 
department, prior to carrying out the 
shortened course of treatment,' we 
found that, among the 20 patients with 
neurocysticercosis who were adminis- 
tered albendazole for 30 days, the ad- 
verse reactions occurred between the 
second and third days after treatment 
was initiated in 65% of the cases (13/ 
20), and remission in these patients 
occurred at the end of the first week 
with the aid of symptomatic drugs, as 
other studies have reported?*; in this 
unpublished study with 20 patients, as 
in the study carried out by Escobedo et 
al,? we confirmed, by means of the con- 
trol computed tomographic scan on the 
last day of treatment, the disappear- 
ance of almost all the cysts in those 
patients who responded favorably to 
the treatment; this suggests that these 
cysts had been destroyed long before 
the 30 days of treatment had ended. 
With these above-mentioned obser- 
vations and with the evidence provided 
by the magnetic nuclear resonance of 
early signs of damage of the cysticerci 
after initiating treatment,’ we carried 
out a preliminary study of the short- 
ened course of treatment with alben- 
dazole for 3 days in five patients, using 
the same criteria that would later be 4 
used in our controlled trial’; we found 
that in 60% of the cases (3/5) there was 
clinical worsening during the treat- 
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Results of Treatment With Albendazole and Follow-up for 1 Year After Therapy 
in 40 Patients With Neurocysticercosis 


Computed Tomographic 
Scanning Before 
Treatment 


Computed Tomographic 
Scanning 1 Year 
After Treatment 


<—_—_—_——_—_———————— 


No. of 
Cysts 


Total 
Diameter, 
mm Cysts mm % 


Total 
Total Diameter 


No. of Diameter, Reduction, 





Treatment with 
albendazole for 3 
days 34 


620.4 9 


161.4 





Mean + SD 1.7 4 08 


31 + 15.6 0.4 + 0.8 


8 + 16.6 





Treatment with 
albendazole for 30 
days 39 


659.2 


185.4 





Mean + SD 


1.9 + 0.8 32.4 + 13.9 


0.9 9.2 + 17.4 








Left, Computed tomographic scan taken 1 day before treatment shows sylvian fissure (arrow) with 
small cystic lesions and 1 eccentric nucleus of greater density inside. Right, Three months after 
a short course of treatment for 3 days with albendazole, nodular calcification (arrow) and disap- 
pearance of cysts are observed. 


ment and in 40% (2/5) worsening of 
the cerebrospinal fluid when the con- 
trol was performed 1 day after treat- 
ment; and in the computed tomo- 
graphic scan control 3 months after 
treatment, 70% (7/10) of the nonen- 
hancing parenchymal brain cysts had 
disappeared. 

In order to reassert our previous 
statement, we report below the long- 
term follow-up of the 40 patients with 
parenchymal cysticercosis treated 
with albendazole for 3 and 30 days 
(Table); we had reported previously on 
the short-term observation responses 
of the first 18 patients! of this group of 
40 patients. 

Improvement of the computed tomo- 
graphic image was observed, after 1 
year of follow-up, in 18 (90% ) of the 20 
patients treated with albendazole for 3 
days, with a remission of 25 (73.5% ) of 


Arch Neurol—Vol 47, December 1990 


the cystic lesions; these percentages 
are comparable to the improvement 
found in 18 (90%) of the 20 patients 
treated for 30 days with the corre- 
sponding remission of 29 (74.3%) of 
the lesions. The total diameter of the 
cysts found in the patients treated for 
3 days was reduced by 73.9%, which is 
greater than the 71.8% reduction for 
the patients treated with albendazole 
for 30 days. In the patients treated for 
3 days, the cerebrospinal fluid showed 
a mean value for leukocytes as follows: 
24.2 + 78.1/mm? on the day before 
treatment started and 30.7 + 98.4/ 
mm? 1 year after treatment began. 
Mean values for proteins varied as fol- 
lows: 42.2 + 36.6 g/L on the day before 
treatment started, and 45.1 + 32.8 g/L 
1 year after treatment began. Four- 
teen (70%) of the 20 patients who 
received treatment for 3 days and 15 


(75% ) of the 20 patients who were ad- 
ministered albendazole for 30 days 
were clinically asymptomatic after 
1 year of follow-up. 

Our results of the treatment with 
albendazole for 3 days are not compa- 
rable with the studies carried out by 
Escobedo et al? and Sotelo et al,>’ 
because the selection of the patients 
according to the number of cysts was 
not similar, inasmuch as in our pa- 
tients the maximum number of cysts 
that could be displayed in the com- 
puted tomographic scan so that they 
could be included in the study was 
three, whereas in the above-mentioned 
studies by Sotelo and coworkers, one 
patient had up to 148 cysts; their own 
studies**’ show considerable differ- 
ences, which are greater than 20%, in 
the reduction of the number of paren- 
chymal brain eysts. 

The results of our controlled trial, 
with a follow-up of 1 year, show that 
the scheme we proposed, a short- 
course treatment with albendazole for 
3 days for the parenchymal brain 
cysts, is comparable with, and does not 
show, significant differences with re- 
spect to the treatment for 30 days, with 
the obvious advantages of better pa- 
tient compliance and reduced costs for 
the therapy. With clear evidence of the 
benefits of a 3-day treatment, we have 
initiated new controlled research tri- 
als with this therapeutic scheme, as in 
subarachnoid cysticercosis (Figure), 
preliminary observations of which are 
displaying positive effects. 

FERNANDO ALARCON, MD 
Department of Neurology 
Eugenio Espejo Hospital 
Casilla 8991, Sucursal 7 
Quito, Ecuador 
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NEW IN 
JAMA 


The Journal of the American Medical Association 





FORUM 


JAMA’s “CME Forum” will provide a new resource 
for physicians seeking continuing medical educa- 
tion Opportunities nationwide. Starting in January, 
1991, the “CME Forum” will appear each week in 
JAMA, referenced in the table of contents. 


The “CME Forum” will offer new listings each week 
in a high visibility format for ease of reference. Look 
to JAMA’s “CME Forum” for continuing medical edu- 
cation opportunities in your subject of interest. 











EEG and EVOKED POTENTIALS: 
INTRAOPERATIVE AND ICU MONITORING 





January 3-6, 1991 

The Buena Vista Palace 
Lake Buena Vista, Florida 

In Walt Disney World Village 


Course Directors: Betty L. Grundy, M.D., Michael E. Mahla, M.D. and 

William A. Friedman, M.D. 

FACULTY: Philip G. Boysen, M.D. Edward J. Hammond, Ph.D. 
Fred Bauman, R. EEG/R. EP T. Christopher F. James, M.D. 
Geraldine M. Chadwick, M.A. Steven A. Reid, M.D. 
Gian E. Chatrian, M.D. Frank W. Sharbrough, M.D. 
Jasper Daube, M.D. Kathryn A. Toney, B.S. 
Salvatore R. Goodwin, M.D. 


Learn all YOU need to know about EEG and Evoked Potential Mon- 
itoring 

A distinguished faculty will present indications methods, and inter- 
pretation techniques for EEG and evoked potential monitoring. Par- 
ticipants will be divided into small groups for a more personal, 
hands-on approach, using a wide variety of EEG and evoked potential 
systems. 

Course tuition is $500 ($550 after November 30, 1990). Cancellation 
of registration by written notification only prior to December 1, 1990. 
There is a $50 cancellation fee. This program has been approved for 
25 hours in Category | of the Physicians Recognition Award of the 
American Medical Association. 

For complete information contact Mrs. Carolyn Schoenau, Program 
Coordinator, Anesthesiology Alumni Association of Florida, Inc., Post 
Office Box 13417, Gainesville, Florida 32604 (Area code 904 
392-8959). 


CLASSIFIEDS 
TARGETED TO YOU 


Every month this journal now has 
a special “Classified Advertising” 
section full of professional 
opportunities in your specialty. 

It’s a highly visible marketplace of 
wide-ranging opportunities, all 
concentrated under our new, blue 
banner. You'll find it toward the 
back of this issue. 


For details on advertising call: 
National: 800-237-9851 O Florida: 800-553-8288 
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i PERMAX 
pergolide& mesylate 
An added dimension 


in the treatment of 
Parkinson's disease 


An adjunct to levodopa/carbidopa 

in the management of patients with 

Parkinson’s disease 

e@ = The first dopamine agonist indicated for 
Parkinson's disease with activity at both 
Dı and D: receptors 





@ 10 to 1,000 times more potent than bromo- 
criptine on a milligram-per-milligram basis 

@ Improves patients’ functioning in activities 
of daily living, relieves signs and symptoms, 
and reduces “off” time 


@ May allow a significant reduction in 
levodopa dosage 


@ Most common adverse events were dyskinesia, 
nausea, dizziness, and hallucinations 


e@ Hypotension may occur, especially early in 
the course of therapy 


Stepwise titration without regard to meals 


Available in 0.05-mg, 0.25-mg, and 1-mg 
scored tablets 


Permax performs 


Artist's conception of dopamine agontsm Paky s 

, es, 

See adjacent page for prescribing informe on™ & 
J» 


= \ 


7" (I (Leray) Sf 
OW AF 


av “4 










Permax’ 
pergolide mesylate 


Brief Summary. Consult the package literature for complete information. 


Indications and Usage: Permax is indicated as adjunctive treatment to 
levodopa/carbidopa in the management of the signs and symptoms of Parkin- 
son's disease. 

Evidence to support the efficacy of pergolide mesylate as an antiparkinso- 
nian adjunct was obtained in a multicenter study enrolling 376 patients with 
mild to moderate Parkinson's disease who were intolerant to levodopa 
carbidopa as manifested by moderate to severe dyskinesia and/or on-off phe- 
nomena. On average, the sample of patients evaluated had been on levodopa/ 
carbidopa for 3.9 years (range, two days to 16.8 years). The administration of 
pergolide mesylate permitted a 5% to 30% reduction in the daily dose of 
levodopa. On average, these patients treated with pergolide mesylate main- 
tained an equivalent or better clinical status than they exhibited at baseline 


Contraindications: Pergolide mesylate is contraindicated in patients who are 
hypersensitive to this drug or other ergot derivatives 


Warnings: Symptomatic Hypotension —In clinical trials, approximately 10% 
of patients taking pergolide mesylate with levodopa vs 7% taking placebo with 
levodopa experienced symptomatic orthostatic and/or sustained hypotension, 
especially during initial treatment. With gradual dosage titration, tolerance to 
the hypotension usually develops. It is, therefore, important to warn patients of 
the risk, to begin therapy with low doses, and to increase the dosage in care- 
fully adjusted increments over a period of three to four weeks. 

Hallucinosis —In controlled trials. pergolide mesylate with levodopa caused 
hallucinosis in about 14% of patients as opposed to 3% taking placebo with 
levodopa. This was of sufficient severity to cause discontinuation of treatment 
in about 3% of those enrolled: tolerance to this untoward effect was not 
observed 

Fatalities —\n the placebo-controlled trial, two of 187 patients treated with 
placebo died as compared with one of 189 patients treated with pergolide 
mesylate. Of the 2,299 patients treated with pergolide mesylate in Premarketing 
Studies evaluated as of October 1988, 143 died while on the drug or shortly 
after discontinuing the drug. The patient population under evaluation was 
elderly, ill. and at high risk for death. It seems unlikely that pergolide mesylate 
played any role in these deaths, but the possibility that pergolide shortens sur- 
vival of patients cannot be excluded with absolute certainty. 

In particular, a case-by-case review of the clinical course of the patients who 
died failed to disclose any unique set of signs, symptoms, or laboratory results 
that would suggest that treatment with pergolide caused their deaths. Sixty- 
eight percent (68%) of the patients who died were 65 years of age or over No 
death (other than a suicide) occurred within the first month of treatment: most 
of the patients who died had been on pergolide for years. A relative frequency of 
the causes of death by organ system are: pulmonary failure/pneumonia, 35%: 
cardiovascular, 30%, cancer, 11%; unknown, 8.4%; infection, 3.5%; extrapyra- 
midal syndrome, 3.5%; stroke, 2.1%; dysphagia, 2.1%; injury, 1 4%: suicide, 
1.4%; dehydration, 0.7%; glomerulonephritis, 0.7%. 


Precautions: Genera/ —Caution should be exercised when administering 
pergolide mesylate to patients prone to cardiac dysrhythmias 

In a study comparing pergolide mesylate and placebo, patients taking 
Pergolide mesylate were found to have significantly more episodes of atrial 
Premature contractions (APCs) and sinus tachycardia 

The use of pergolide mesylate in patients on levodopa may cause and/or 
exacerbate preexisting states of confusion and hallucinations (see Warnings) 
Also, the abrupt discontinuation of pergolide mesylate in patients receiving it 
chronically as an adjunct to levodopa may precipitate the onset of hallucina- 
tions and confusion; these may occur within a span of several days. Discontin- 
uation of pergolide should be undertaken gradually whenever possible. even if 
the patient is to remain on levodopa 

The administration of pergolide mesylate to patients receiving levodopa may 
Cause and/or exacerbate preexisting dyskinesia 

Information for Patients —Patients and their families should be intormed of 
the common adverse consequences of the use of pergolide mesylate (see 
Adverse Reactions) and the risk of hypotension (see Warnings) 

Patients should be advised to notify their physician if they become pregnant 
or intend to become pregnant during therapy 

Pains should be advised to notify their physician if they are breast feeding 
an infant 

Laboratory Tests —No specific laboratory tests are deemed essential for the 
management of patients on Permax. Periodic routine evaluation of all patients, 
however, is appropriate 

Drug Interactions —Dopamine antagonists, such as the neuroleptics (phe- 
nothiazines, butyrophenones, thioxanthines) or metoclopramide, ordinarily 
should not be administered concurrently with Permax (a dopamine 
agonist): these agents may diminish the effectiveness of Permax 

Because pergolide mesylate is approximately 90% associated with plasma 
proteins, caution should be exercised if pergolide mesylate is coadministered 
with other drugs known to affect protein binding 

Carcinogenesis, Mutagenesis, and Impairment of Fertility —A two-year 
Carcinogenicity study was conducted in mice using dietary levels of pergolide 
mesylate equivalent to oral doses of 0.6. 3.7, and 36.4 mg/kg/day in males and 
0.6, 4.4, and 40.8 mg/kg/day in females. A two-year study in rats was con- 
ducted using dietary levels equivalent to oral doses of 0.04, 0.18, and 0.88 
mg/kg/day in males and 0.05. 0 28. and 1 42 mg/kg/day in females. The 
highest doses tested in the mice and rats were approximately 340 and 12 times 
the maximum human oral dose administered in controlled clinical trials (6 mg/ 
day equivalent to 0.12 mg/kg/day) 

A low incidence of uterine neoplasms occurred in both rats and mice 
Endometrial adenomas and carcinomas were observed in rats. Endometrial 
sarcomas were observed in mice. The occurrence of these neoplasms is prob- 
ably attributable to the high estrogen/progesterone ratio which would occur in 
rodents as a result of the prolactin-inhibiting action of pergolide mesylate. The 
endocrine mechanisms believed to be involved in the rodents are not present in 
humans. However, even though there is no known correlation between uterine 
malignancies occurring in pergolide-treated rodents and human risk, there are 
no human data to substantiate this conclusion 

Pergolide mesylate was evaluated for mutagenic potential in a battery of 
tests that included an Ames bacterial mutation assay, a DNA repair assay in 
cultured rat hepatocytes, a point-mutation assay in cultured L5178Y cells, and 
a determination of chromosome alteration in bone marrow cells of Chinese 
hamsters. A weak mutagenic response was noted in the in vitro mammalian 
cell-point-mutation assay using L5178Y cells only after metabolic activation 
with rat liver microsomes. No mutagenic effects were obtained in the two other 
in vitro assays and in the in vivo assay. The relevance of these findings to 
humans is unknown 

Afertility study in male and female mice showed that fertility was maintained 
at 0.6 and 1.7 mg/kg/day but decreased at 5.6 mg/kg/day, Prolactin has been 
reported to be involved in stimulating and maintaining progesterone levels 
required for implantation in mice and, therefore, the impaired fertility at high 
dose may occur because of depressed prolactin levels 

Usage in Pregnanc; any eT ath B —Reproduction studies were 
conducted in mice at doses of 5, 16, and 45 mg/kg/day and in rabbits at doses 
of 2, 6, and 16 mg/kg/day. The highest doses tested in mice and rabbits were 
375 and 133 times the 6 mg/day maximum human dose administered in con- 
trolled clinical trials. Inthese studies, there was no evidence of harmto the fetus 
due to pergolide mesylate. 

There are, however, no adequate and well-controlled studies in pregnant 
women. Among women who received pergolide mesylate for endocrine disor- 
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ders in premarketing studies, there were 33 pregnancies that resulted in healthy 
babies and four pregnancies that resulted in congenital abnormalities (two 
major, two minor); a causal relationship has not been established. Because 
human data are limited and because animal reproduction studies are not 
always predictive of human response, this drug should be used during preg- 
nancy only if clearly needed 

Nursing Mothers —It is not known whether this drug is excreted in human 
milk. The pharmacologic action of pergolide mesylate suggests that it may 
interfere with lactation. Because many drugs are excreted in human milk and 
because of the potential for serious adverse reactions to pergolide mesylate in 
nursing infants, a decision should be made whether to discontinue nursing or to 
discontinue the drug, taking into account the importance of the drug to the 
mother. 

Pediatric Use —Satety and effectiveness in children have not been estab- 
lished 


Adverse Reactions: Commonly Observed —In premarketing clinical trials, the 
most commonly observed adverse events associated with use of pergolide 
mesylate which were not seen at an equivalent incidence among placebo- 
treated patients were: nervous system complaints, including dyskinesia, hallu- 
Cinations, somnolence, insomnia; digestive complaints, including nausea, 
constipation, diarrhea, dyspepsia; and respiratory system complaints, includ- 
ing rhinitis. 

Associated With Discontinuation of Treatment —Twenty-seven percent 
(27%) of approximately 1.200 patients receiving pergolide mesylate for treat- 
ment of Parkinson's disease in premarketing clinical trials inthe US and Canada 
discontinued treatment due to adverse events. The events most commonly 
Causing discontinuation were related to the nervous system (15.5%). primarily 
hallucinations (7.8%) and contusion (1.8%) 

Fatalities—See Warnings. 

Incidence in Controlled Clinical Trials —The table that follows enumerates 
adverse events that occurred at a frequency of 1% or more among patients 
taking pergolide mesylate who participated in the premarketing controlled clin- 
ical trials Comparing pergolide mesylate with placebo. In a double-blind, con- 
trolled study of six months’ duration, patients with Parkinson's disease were 
continued on levodopa/carbidopa and were randomly assigned to re- 
ceive either pergolide mesylate or placebo as additional therapy 

The prescriber should be aware that these figures cannot be used to predict 
the incidence of side effects in the course of usual medical practice where 
patient characteristics and other factors differ from those which prevailed 
in the clinical trials. Similarly, the cited frequencies cannot be compared with 
figures obtained from other clinical investigations involving different treat- 
ments, uses. and investigators. The cited figures, however, do provide the pre- 
scribing physician with some basis for estimating the relative contribution of 
ang and nondrug factors to the side-effect incidence rate in the population 
studied 


Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 
Percentage of Patients Reporting Events 








Body System/ Pergolide Mesylate Placebo 
Adverse Event" N=189 N=187 
Body as a Whole 
Pain 7.0 21 
Abdominal pain 58 2.1 
Injury, accident 5.8 70 
Headache 53 64 
Asthenia 42 48 
Chest pain 3.7 21 
Flu syndrome 3.2 21 
Neck pain 2:7 16 
Back pain 16 21 
Surgical procedure 16 <1 
Chilis LA 0 
Face edema 1 0 
Infection 11 0 
Cardiovascular 
Postural hypotension 90 70 
Vasodilatation 32 <1 
Palpitation 21 <1 
Hypotension 21 <1 
Syncope 21 11 
Hypertension 16 WW 
Arrhythmia 11 <1 
Myocardial infarction im) <1 
Digestive 
Nausea 243 128 
Constipation 106 5.9 
Diarrhea 64 27 
Dyspepsia 64 21 
Anorexia 48 27 
Dry mouth 37 <1 
Vomiting 27 16 
Hemic and Lymphatic 
Anemia 11 <1 
Metabolic and Nutritional 
Peripheral edema 74 43 
Edema 16 0 
Weight gain 16 0 
Musculoskeletal 
Arthralgia 16 21 
Bursitis 16 <1 
Myalgia 11 <1 
Twitching 11 0 
Nervous System 
Dyskinesia 624 24.6 
Dizziness 191 13.9 
Hallucinations 13.8 32 
Dystonia 116 8.0 
Confusion 111 96 
Somnolence 10.1 37 
Insomnia 79 3.2 
Anxiety 64 43 
Tremor 42 75 
Depression 3.2 54 
Abnormal dreams 27 43 
Personality disorder 21 <1 
Psychosis 21 0 
Abnormal gait 16 16 
Akathisia 16 0 
Extrapyramidalsyndrome 16 11 
Incoordination 16 <1 
Paresthesia 16 32 
Akinesia WW 11 
Hypertonia 11 0 
Neuralgia 11 <1 
Speech disorder WW 16 


Permax" (pergolide mesylate, Lilly) 


Incidence of Treatment-Emergent Adverse 
Experiences in the Placebo-Controlled Clinical Trial 
Percentage of Patients Reporting Eve 


Body System/ Pergolide ee Place 
=1 


Adverse Event* 


Respiratory System 
Rhinitis 12.2 
Dyspnea 48 
Epistaxis 16 
Hiccup tA 
Skin and Appendages 
Rash 3.2 21 
Sweating 21 27 
Special Senses 
Abnormal vision 5 
Diplopia 2 
Taste perversion 1 
Eye disorder 1 
Urogenital System 
Urinary frequency 2 
Urinary tract infection 2 





Events Observed During the Premarketing Evaluation of Permax -Thìs s 
tion reports evert frequenties evaluated as of October 1988 tor adverse eve 
Ocurring in a group of approximately 1.800 patients who took multiple dose 
pergolide mesylate. The conditions and duration of exposure to pergo 
mesylate varied greatly, involving well-controlled studies as well as experie 
in open and uncontrolled clinical settings. In the absence of appropriate c 
trols in some of the studies. a causal relationship between these events i 
treatment with pergolide mesylate cannot be determined 

The following enumeration by organ system describes events in terms 
their relative frequency of reporting in the data base. Events of major clini 
moi are a'so described in the Warnings and Precautions sections 

he following definitions of frequency are used: frequent adverse events 
defined as those occurring in at least 1/100 patients; infrequent adverse eve 
are those occurring in 1/100 to 1/1,000 patients; rare events are those occ 
fing in ewer than 1/1,000 patients. 
ly as a Whole — Frequent: headache, asthenia, accidental injury, abdc 
inal pain, chest pain, back pain, flu syndrome. neck pain, fever: /nfreque 
facial edema, chills, enlarged abdomen, malaise, neoplasm. hernia. pel 
pain, sepsis, Cellulitis, moniliasis, abscess, jaw pain, hypothermia; Rare ac 
abdominal syndrome, LE syndrome 

Cardiovascular System — Frequent: postural hypotension, syncope. hyp 
tension, palpitations, vasodilatations, congestive heart failure. /nfreque 
myocardial infarction, tachycardia, heart arrest, abnormal electrocardiogra 
angina pectoris. thrombophlebitis, bradycardia, ventricular extrasystoli 
cerebrovascular accident, ventricular tachycardia, cerebral ischemia, atr 
fibrillation. varicose vein, pulmonary embolus, AV block, shoc 
Rare: vasculitis, pulmonary hypertension, pericarditis, migraine, heart blot 
cerebral hemorrhage 

Digestive System —Frequent: nausea, vomiting, dyspepsia, diarrhea, cc 
stipation, dry mouth. dysphagia; /nfrequent: flatulence, abnormal liver functi 
tests, increased appetite, salivary gland enlargement, thirst, gastroenterit 
gastritis. periodontal abscess, intestinal obstruction, nausea and vomitir 
Gingivitis, esophagitis, cholelithiasis, tooth caries, hepatitis, stomach ulc 
melena, hepatomegaly, hematemesis, eructation: Rare: sialadenitis, pep 
ulcer, pancreatitis, jaundice, glossitis, fecal incontinence, duodenitis. colit 
cholecystitis, aphthous stomatitis, esophageal ulcer. 

Endocrine System —/nfrequent: hypothyroidism, adenoma, diabetes me 
tus, ADH inappropriate; Rare: endocrine disorder, thyroid adenoma 

Hemic and Lymphatic System —Frequent: anemia. Infrequent: leukopen 
lymphadenopathy, leukocytosis, thrombocytopenia, petechia, megaloblas 
anemia, cyanosis: Rare: purpura, lymphocytosis. eosinophilia, thromb 
cythemia, acute lymphoblastic leukemia, polycythemia, splenomegaly 

Metabolic and Nutritional System —Frequent peripheral edema, weic 
loss, weight gain: /afrequent: dehydration. hypokalemia, hypo) cera in 
deficiency anemia, hyperglycemia. gout. hypercholesteremia. Rare: ele 
trolyte imbalance, cachexia, acidosis, hyperuricemia 

Musculoskeletal System — Frequent’ twitching. myalgia, arthralgia. Infr 
quent: bone pain, tenosynovitis, myositis, bone sarcoma, arthritis, Rar 
osteoporosis, muscle atrophy, osteomyelitis 

Nervous System —Frequent: dyskinesia, dizziness, hallucinations, cont 

sion, somnolence. insomnia, dystonia, paresthesia, depression, anxiel 
tremor. akinesia, extrapyramidal syndrome, abnormal gait. abnormal dream 
Incoordination, psychosis, personality disorder, nervousness, choreoathet’ 
sis, amnesia, paranoid reaction, abnormal thinking; /nfrequent: akathisia, ne 
ropathy. neuralgia, hypertonia, delusion, convulsion, libido increase 
euphoria, emotional lability, libido decreased, vertigo, myoclonus, coma, ap 
thy, paralysis, neurosis, hyperkinesia, ataxia, acute brain syndrome. torticolli 
meningitis, Manic reaction, hypokinesia, hostility, agitation, hypotonia; Rar 
stupor, neuritis, intracranial hypertension, hemiplegia, facial paralysis, bra 
edema, myelitis, hallucinations and confusion after abrupt discontinuation 

Respiratory System —Frequent: rhinitis, dyspnea, pneumonia, pharyngiti 
Cough increased: /afrequent: epistaxis, hiccup, sinusitis, bronchitis. voit 
alteration, hemoptysis, asthma, lung edema. pleural effusion. laryngiti 

emphysema, apnea, hyperventilation: Rare. pneumothorax, lung fibrosi 
larynx edema, hypoxia, hypoventilation, hemothorax, carcinoma of lung 

Skin and Appendages System — Frequent: sweating, rash; Infrequent: sk 

discoloration, pruritus, acne, skin ulcer. alopecia. dry skin, skin carcinom 
seborrhea, hirsutism herpes simplex, eczema, fungal dermatitis. herpt 
zoster; Rare. vesiculobullous rash, subcutaneous nodule, skin nodule, sk 
benign neoplasm, lichenoid dermatitis 

Special Senses System — Frequent: diplopia. infrequent. otitis media. co 

junctivitis, tinnitus, deafness, taste perversion, ear pain. eye pain, glaucom 
eye hemorrhage, photophobia, visual field defect. Rare blindness. catarat 
retinal detachment, retinal vascular disorder 

Urogenital System — Frequent: urinary tract infection, urinary frequenc 

urinary incontinence, hematuria, dysmenorrhea. Infrequent: dysuria. brea 
pain. menorrhagia, impotence, cystitis, urinary retention, abortion, vagin 
hemorrhage, vaginitis, priapism, kidney calculus, fibrocystic breast, lactatio! 
uterine hemorrhage, urolithiasis, salpingitis, pyuria. metrorrhagia, menopaus 
kidney failure, breast carcinoma, cervical carcinoma. Rare: amenorrhea, blat 
der carcinoma, breast engorgement, epididymitis, hypogonadism, leukorrhe; 
nephrosis, pyelonephritis, urethral pain, uricaciduria, withdrawal bleeding 


PA0912 AMP 103129% 
Additional information available to the profession on request 





Eli Lilly and Company 
Indianapolis, Indiana 
46285 


Lilly 


Permax" (pergolide mesylate, Lilly) 


PR-9002-1 1-049313 © 1990. ELI LILLY AND COMPANY 


a 


Original Contributions 


Fetal Homotransplants 
(Ventral Mesencephalon and Adrenal Tissue) 
to the Striatum of Parkinsonian Subjects 


Ignacio Madrazo, MD, DSe; Rebecca Franco-Bourland, PhD; Feggy Ostrosky-Solis, PhD; Maricarmen Aguilera, MD; 
Carlos Cuevas, MD; Carlos Zamorano, MD; Alfonso Morelos, MD; Eduardo Magallon, MD; Gabriel Guizar-Sahagun, MD 


è Fetal ventral mesencephalon and fe- 
tal adrenal tissue grafted to the caudate 
nucleus of four and three parkinsonian pa- 
tients, respectively, have been shown to 
be an alternative treatment for the amelio- 
ration of the signs of the disease. The 
ventral mesencephalon patients had a sig- 
nificant amelioration of rigidity, bradyki- 
nesia, postural imbalance, gait distur- 
bance, and facial expression. Three of 
these four patients have returned to work. 
The fatal adrenal group only showed ame- 
lioration of rigidity and bradykinesia. 
Though these patients are now able to 
perform their basic daily living activities, 
and one of them has renewed her house- 
hold tasks, the other two have not yet been 
able to return to work. The differences 
observed between the ventral mesen- 
cephaion- and the fetal adrenal—trans- 
planted patients may be related to the 
heterogeneity of their disease and/or the 
type of graft implanted. However encour- 
aging our results may be, this experimen- 
tal procedure obviously requires further 
studies, and should not be practiced out- 
side of highly qualified clinical research 
centers. 

(Arch Neurol. 1990;47:1281-1285) 
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he experience with adrenal medul- 

lary (AM) autografts for the treat- 
ment of Parkinson’s disease (PD)? 
showed us that, while this cperation is 
beneficial to young and mildly afflicted 
parkinsonian patients, there is a spe- 
cific population of, severely ill and/or 
elderly patients for whom this‘ proce- 
dure is only slightly helpful, and pro- 
duces morbimortality. As an initial 
attempt to improve our netrosurgical 
treatment for these patients with high 
surgical risk, or for thos2 patients 
lacking adrenal glands or with a dis- 
eased gland, we decided to turn to 
brain transplantations using human 
fetal grafts, thereby eliminating a ma- 
jor operation, namely adrenalectomy. 
Experimental evidence with toxin-in- 
duced nigrostriatal lesions in rodents 
and nonhuman primates heve shown 
that fetal ventral mesencephalon 
(VM)? or adrenal gland (A)!*1682127 
implants can effectively ameliorate al- 
tered motor functions and markedly 
improve behavioral, biochemical, and 
histological parameters. Early in 1987, 
we obtained approval from zhe Mexi- 
can Ministry of Health and the Ethical 
Committee of our institution (Institu- 
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to Mexicano del Seguro Social, Mexico 
City, Mexico) to perform the first two 
fetal transplants for the treatment of 
PD.” Before requesting the authoriza- 
tion from our committees to extend our 
fetal transplantation program, we 
kept our first two fetal-transplanted 
patients under strict observation for a 
period of 9 months to determine the 
beneficial effects of the surgery as well 
as any possible adverse reaction. To 
date we have performed seven fetal 
homotransplants, four VM and, three 
A transplants. The purpose of this ar- 
ticle is to report on their 6- to 19-month 
follow-up. i 


LEGAL AND ETHICAL ISSUES 


Permission for fetal humar tissue to 
human brain transplantation was 
granted for the use of tissues from 
healthy fetuses obtained after sponta- 
neous abortions from women free of 
transmittable diseases, and after the 
certified diagnosis of fetal death by 
two pediatricians unrelated to the 
transplantation group (Ley General de 
Salud de los Estados Unidos Mexi- 
canos. Reglamento en materia de con- 
trol sanitario de la disposicion de or- 
ganos, tejidos y cadaveres de seres hu- 
manos. Cap V, Art 44). Written 
informed consent was obtained from 
both the receptor and the donor par- 
ents. Anonymity between them was 
assured (Table 1). 


PATIENTS, MATERIALS, AND METHODS 
Patient Selection 


Seven patients, six males and one female, 
with idiopathic PD, were diagnosed in the 
Parkinson’s Clinic at the Centro Medico La 
Raza, Mexico City, Mexico. Their ages 
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Table 1.—Mexican Ethical Issues for 
Neural Fetal Transplantation 


Spontaneous abortion of a healthy fetus 

Fetal death 

Ruling out transmittable diseases 

Written informed consent of the donor 
parents 

Written informed consent of the receptor 

Anonymity between donors and receptor 


ranged from 85 to 56 years (mean, 48.4 
years); the duration of their illness ranged 
from 5 to 16 years (mean, 8.9 years), and the 
mean average of their levodopa medication 
was 946.4 mg/d. Their initial response to 
the medication had been good, but over the 
years they showed a gradual decrease of the 
beneficial effects of the medication, and all 
patients eventually developed drug-related 
complications. The description of this clin- 
ical material is summarized in Table 2. 


Surgical Technique 


The neurosurgical technique used on the 
receptor patient was essentially the same 
as that described in detail elsewhere?” for 
the autoadrena! transplants. Briefly, a pre- 
coronal right frontal 3 em? craniotomy was 
performed, 1 cm off the midline and the 
dura mater was opened in cross section. A 
rounded corticotomy (1.5 to 2 cm in diame- 
ter)-to the right frontal horn of the lateral 
< ventricle was made using an inflatable bal- 

loon needle! to gain access to the head of 
the caudate nucleus. Fetal tissue was em- 
bedded into one site of the ventricular wall 
` of the head of the caudate nucleus and fixed 
with titanium clips. The donor tissue was 
obtained from one fetus as follows: (1) the 
fetus was placed on ice, transported imme- 
diately to the neurosurgical unit, and sub- 
mitted to antiseptic techniques; (2) the 
brain stem and both adrenal glands were 
dissected and removed; and (8) the VM was 
obtained in two 2X 2X 3-mm block sec- 
tions, using a “hands-free” dissection tech- 
nique,” by removing the peduncles, tectum, 
and medial aspects from the mesenceph- 
alon coronal slice. Ventral mesencephalon 
blocks were implanted without further dis- 
section or dissociation, in order to preserve 
the intactness of the tissue. The adrenal 
glands were fragmented into multiple 
pieces (2 X 2 X 2mm), of which six to eight 
were implanted. The entire procedure was 
done within the first 4 hours following the 
diagnosis of fetal death. The gestational 
ages of the four fetuses were 13, 12, 12, and 








Table 2.—-Preoperative Description of Patients With Parkinson’s Disease Who Were 
Fetal Homotransplanted and Their Corresponding Type of Implant, and Postoperative 
Follow-up Time 


Patient 





Age, y 








Sex 

Evolution of 
Parkinson’s 
disease, y 











Levodopa dose, 
mg/d 


2000 


1000 375 








Unified Parkin- 
son's Disease 
Rating Seale,” 
on/off 


71/88 59/79 


100/129 


99/148 100/136 31/108 50/92 





Schwab & 
England,” 
on/off 


60% /50% 60%/50% 40%/30% 50%/20% 50%/40% 90%/60% 70%/50% 








Hoehn & Yahr,* 
on/off 3/3 3/4 4/4 
Madrazo and 
coworkers,‘ 
on/off 
Type of graft* 
Follow-up time, 
monthst 








3/5 3/3 1/3 2/3 











* A indicates adrenal gland; VM, ventral mesencephalon. 
+Corresponds to last postsurgical neurolocical evaluation. 


maintained permanently. Serum cyclospo- 
rine A levels were monitored periodically. 
(The first two cases, after 1 year, have been 
put on a regimen of 1 mg/kg per day, show- 
ing no apparent signs of rejection). Patients 
also received prednisone 50 mg/d orally for 
8 days, continuing then with a 6-month de- 
scending program down to 5 mg/d. Steroid 
treatment was then discontinued. 


Preoperative and Postoperative 
Neurological Evaluations 


The preoperative and postoperative se- 
verity of PD was evaluated blindly using 
the Unified Parkinson’s Disease Rating 
Scale (UPDRS)* and the Hoehn and Yahr,* 
the Schwab and England,” and Madrazo 
and coworkers! classifications. Patients 
were evaluated in their “on” (when the pa- 
tient was at the peak of his response to 
medication) and “off” (when the patient 
was in his worst spontaneous or induced 
moments) periods, and documented by vid- 
eotape. Neuropsychological testing and neu- 
rophysiological recordings were also per- 
formed. Postoperative neurological ratings 
were obtained weekly during the first 2 





ceftazidime (6 g/d for 2 months). This com- 
plication was related to the immunosup- 
pression therapy. Patient 5 developed a 
deep thrombophlebitis of the right lower 


limb, which required the use of epidural 


lidocaine (Xylocaine) for 12 days and anti- 
coagulant therapy, but left no sequelae. 
None of the A cases showed morbidity. 
There was no mortality. 


Preoperative and Postoperative 
Neurological Evaluations 


Figure 1 shows the time courses of evolu- 
tion of the four VM- and the three A-trans- 
planted patients, in their “on” and “off” 
conditions using the UPDRS. The evolution 
curves for both the mildly and severely af- 
flicted VM-transplanted patients in the 
“on” condition show an initial amelioration 
of their symptoms between 4 and 8 weeks 
after surgery. This level of improvement 
usually plateaued for 3 or 4 months, after 
which a further decrease in symptoms was 
observed that continued for 2 or 8 months 
and then reached a new plateau at a signif- 
icantly lower level than before. The figure 
depicting the evolution curves during the 
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Fig 1.—Time courses of evolution (Unified Parkinson’s Disease Rating Scale score) of the fetal 
homotransplanted parkinsonian patients in their on" and ‘‘off'’ conditions. The numbers of each 
graph represent the corresponding patient. Preop indicates preoperative; postcp, postoper- 


ative. 


Table 3.—Preoperative and Postoperative Neurological Evaluations on the UPDRS of 
Fetal Brain Homotransplanted Patients With Parkinson’s Disease 


Preoperative 
Score 
On/Off 


Postoperative 
Score 
On/Off 


Patient 
No. 


Postoperative | %Postoperative 
Recovery“ 
` On/Off 


_ Global 
Resovery 
o_o 

Ratings 


Recoveryt 
On/Off 








Ventral Mesencephalon 


59/79 6/15 


53/64 


89.8/81.0 very good 





29/59 


81/70 


73.6/54.2 Good 





100/136 
31/108 


43/67 
5/24 





2 
3 110/129 
5 
6 


57/69 


57.0/50.7 Noderate 





26/84 


83.8/77.7 Good 


Adrenal Gland 


71/88 


49/62 


66.1/70.4 €ood 





89/148 


74/67 


74.7 (46.2 Moderate 





50/92 


39/61 





78.0/66.3 Good 


* Response to surgery in ‘‘on” and “off,"" measured as the difference between the Unified Perkinson’s Dis- 
ease Rating Scale (UPDRS) scores before surgery and at the last neurological evaluation (see Table 2). 

+Difference (100%-X%) in t'on” and “off” between the percentage of functionality scored on tre UPDRS be- 
fore surgery (100%) and the percentage of functionality scored on the UPDRS at the last neurological evalu- 


ation (X%). 


Mean percent of postoperative recovery in ‘‘on"’ and “off.” 


before and after the most recent evaluation 
is similar for both groups. 

Table 3 summarizes the preoperative and 
postoperative(6to19 months) UPDRSscores 
of the seven fetal-transplanted patients. 
All four patients with VM homografts have 
shown benefit from the surgery, though the 
two patients (patients 2 and 6) whose dis- 
ease was less advanced showed a greater 
improvement than the two patients (pa- 
tients 3 and 5) with a more severe illness. 
The clinical results of the three A fetal 
homotransplants also showed that the best 
response is seen in the patient (patient 7) 
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suffering a mild form of the disease. Here 
again, as for autotransplanted patients," 
improvements were bilateral, zhough the 
transplant was always placed to the right 
caudate nucleus. 

Both the testimony of the patients and 
the results of the motor score of the UPDRS, 
showed that the VM patients had a signif- 
icant amelioration of rigidity, bradykine- 
sia, postural imbalance, gait d:sturbance, 
and facial expression, though tremor was a 
remaining sign (requiring treatment with 
levodopa), improvements which were not as 
dramatic for the A group that showed only 
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Fig 2.—Preoperative and postoperative daily 
levodopa requ rements for the ventral mesen- 


cephalon- and fetal adrenai-homotrans- 
planted patiens. The bars represent each pa- 
tient’s daily levodopa requirements just prior to 
transplantatior and at his last postoperative 
evaluation, respectively. ` 


amelioration of rigidity and bradykinesia, 
without signijicant changes for the other 
signs. Three cf the four VM patients have 
returned to work, and of the three A pa- 
tients, who are all fully able to perform 
their basic daily living activities, two have 
not yet been eble to return to work. 

Figure 2 shows the current levodopa 
requirements of both VM and A patients in 
comparison with their preoperative doses. 
Apparently tke patients’ sensitivity to the 
drug was enhanced after surgery. The pa- 
tients showed a gradual reduction in their 
dose of medicétion soon after surgery, that 
decreased even further with time. This de- 
creased requirement for medication was 
greater for the VM patients. 


COMMENT 


The successful use of embryonic and 
fetal implants to restore nigrostriatal 
function in animal models of PD,!”’ 
led us to attempt this procedure to 
treat this disease in two cases in Sep- 
tember 1987,8 followed after 9 months 
by five mor2 cases. The neurologic. 
evaluation ot the seven patients has 
shown that fetal VM and fetal A ho- 
motransplancs are differentially effec- 
tive in the treatment of PD. The func- 
tional impacz of the amelioration of 
the different PD signs in these patients 
was different for each case and ap- 
peared to be related to the heterogene- 
ity and severity of their disease, the 
type of graft implanted, the adequate 
performance 3f the surgical technique, 
and/or the individual response to sur- 
gery. The results obtained on the 
UPDRS motor scale showed that the VM 
patients had a significantly better re- 
sponse in the primary signs of degen- 
eration of the nigrostriatal system 
(postural reflexes and bradykinesia) 
than those transplanted with fetal A. 
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The VM patients had a significant 
amelioration of rigidity, bradykinesia, 
postural imbalance, gait disturbance, 
and facial expression. The A group 
only showed amelioration of rigidity 
and bradykinesia, though not of the 
same quality. Also, the fetal A group 
showed a tendency to an increased 
levodopa requirement, while the VM 
group remained with reduced levodopa 
requirements. 

The long-term clinical response of a 
similar population of autotrans- 
planted PD patients” seems to be 
different from both fetal transplants, 
when comparing their time courses of 
evolution, and secondary effects. In the 
postoperative evaluations carried out 
at 8 and 12 months after surgery, the 
auto-AM-grafted group showed an 
amelioration of the frontal lobe-type 
symptoms, of the visuospatial deficits, 
and improved somatosensory explora- 
tion. At the 12-month evaluation, the 


VM-grafted group showed a signifi- 


cant improvement in visuospatial def- 
icits, while the fetal A-grafted pa- 
tients showed only a significant 
improvement in somatosensory explo- 
ration. Event-related potentials elic- 
ited in a target detection stimulus 
paradigm of the auto-AM-trans- 
planted patients showed significant 
changes in the amplitude of the N,-P, 
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components, which were not found in 
the patients who received the fetal tis- 
sue transplants. Also, auto-AM-trans- 
planted patients have a steady or in- 
creasing requirement for medication 
after surgery, while fetal VM-trans- 
planted patients, on the other hand, 
have a stable reduced requirement for 
levodopa. These observations suggest a 
different biological behavior in re- 
sponse to each graft type. 

Taking into account the number of 
patients subjected to fetal homotrans- 
plantation, it is not yet possible to 
judge if the initial successful re- 
sponses will result in a more heter- 
ogeneous range of effects, as the num- 
ber of human fetal transplanted pa- 
tients grows, as happened in the course 
of the development of auto-AM 
transplantations.“ Moreover, we must 
consider the fact that the patients that 
have been chosen for fetal brain trans- 
plantation have been carefully se- 
lected as good candidates based on the 
autologous transplantation experi- 
ence. However, the results obtained to 
date for parkinsonian patients with 
fetal homotransplants suggest that 
such tissues are in fact a potent ther- 
apeutic resource, which have led to 
more homogeneous beneficial effects 
than those obtained through the cur- 
rent procedures, using the current au- 
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@ Eighteen of 19 patients who under- 
went autologous adrenal medullary trans- 
plantation to the right caudate nucleus 
have been followed up for 18 months. Dur- 
ing the course of this study, a statistically 
significant improvement was noted in per- 
cent “on” time, percent “on” time without 
dyskinesia, activity of daily living (ADL) 
scores during the “on” stages, and ADL, 
motor, and Schwab-England scores during 
the “off” stages. Benefits tended to be 
maximal at 6 months and to gradually 
lessen thereafter, although statistically 
significant improvement in comparison 
with baseline was still present at 18 
months for ADL, motor, and Hoehn-Yahr 
scores during the “off” stages. Almost all 
parameters had deteriorated by 18 
months compared with 12 months, includ- 
ing those remaining significantly improved 
in comparison with baseline. These pat- 
terns were similar for each of the three 
participating centers. Complications were 
largely restricted to the perioperative pe- 
riod. 

{Arch Neuroi. 1990;47:1286-1289) 


We previously reported the 6-month 

results of a multicenter study, in 
which 19 patients with advanced Par- 
kinson’s disease underwent autologous 
adrenal medulla transplantation to 
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the right caudate nucleus.! Patients at 
three participating centers were 
treated according to an identical pro- 
tocol, using the surgical technique de- 
scribed by Madrazo et al? We demon- 


_ strated statistically significant im- 


provement in total percent “on” time, 
percent “on” time without chorea, and 
disease severity durirg “off” time as 
measured by the activity of daily living 
(ADL) subscale of the Unified Parkin- 
son’s Disease Rating Scale (UPDRS) 
and the Schwab-England scale. Im- 
provement was modest, and the dra- 
matic improvement reported by the 
Mexican group’? was not duplicated. 
Little information exists on the long- 


- term effects of this procedure. We now 


report the 18-month follow-up data on 
this population of patients. 


PATIENTS AND METHODS 


Nineteen patients were selected from the 
Parkinson’s Disease Clinics at the Univer- 
sity of South Florida (Tampa), University 
of Kansas (Kansas City), and Rush-Pres- 
byterian St Luke’s Medical Center (Chica- 
go, IH). All patients had clinical features of 
advanced Parkinson’s disease with promi- 
nent motor fluctuations and a good initial 
response to levodopa replacement therapy. 
None of the patients could be clinically im- 
proved by further manipulation of drug 
dosage. Individuals wich atypical parkin- 
sonism, drug-induced parkinsonism, de- 
mentia, or previous neurosurgical proce- 
dures were excluded. 

Institutional review board approval was 
obtained at each center. After signing in- 
formed consent, all patients underwent an 
autologous transplantation of the adrenal 
medulla to the right caudate nucleus, using 
a transcortical approzch as described by 
Madrazo and colleaguas.? Clinical evalua- 
tion was performed in both “on” and “off” 


stages at baseline and at the time of each 
visit, using the UPDRS, Schwab-England, 
and Hoehn-Yahr scales. In addition, pa- 
tient diaries were employed to calculate 
percent of time “off” during the day, and 
percent of time “on” with and without dys- 
kinesia. Assessments were made at base- 
line, at monthly intervals for the first 
6 months, and at 3-month intervals there- 
after, Antiparkinsonian medications were 
reinstituted as soon as possible following 
surgery in the same dose as had been 
employed preoperatively, and attempts 


were made to maintain these doses without. 


change, if possible. 

To evaluate efficacy over the full study 
period, we used Friedman’s Two-Way 
ANOVA utilizing data from baseline and 6-, 
12-, and 18-month time points. Wilcoxon 
Sign Rank Test was used for post hoc com- 
parisons of individual time points. 


RESULTS 


The patient population, their base- 
line data, perioperative complications, 
and 6-month results have been previ- 
ously deseribed.' Eighteen patients (15 
men and three women) have now been 
followed for 18 months after adrenal 
medullary transplantation. One pa- 
tient, who experienced a perioperative 
thalamic hemorrhage and was in a 
vegetative state at 6 months, died 
8 months after surgery and is not 
included in this study. There have been 
no other deaths in this series, and all 
patients were available for follow-up. 
These patients represent all of those 
with idiopathic Parkinson’s disease 
who underwent a transplantation pro- 
cedure at our institutions. 

Patient data reflecting indexes of 
function during “on” and “off” stages, 
at baseline and at 6, 12, and 18 months 
following surgery, are presented in 
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Table 1 for the combined patient pop- 
ulation (n = 18). Over the 18 months of 
the study, statistically significant im- 


provement occurred for (a) percent 


“on” time and percent “on” time with- 
out dyskinesia; (b) “on” time ADL 
score; and (c) “off” time ADL, motor, 
and Schwab-England scores. In post 
hoc analysis at 18 months of follow-up, 
statistically significant improvement 
in comparison with baseline was 
present for ADL, motor, and Hoehn- 
Yahr scores during “off” stages. For 
most indexes of clinical function, max- 
imal benefit was observed 6 to 12 
months following surgery. Thereafter, 
there was an overall deterioration in 
function. All parameters studied, ex- 
cept the Hoehn-Yahr score in “on” 
stage, had deteriorated at 18 months in 
comparison with those at 12 months, 
including those that continued to be 
significantly improved in comparison 
with baseline scores. This pattern was 
similar for patients in all three centers 
and is illustrated in Figs 1 and 2. Sta- 
tistically significant deterioration oc- 
curred between 6 and 12 months for 
the Schwab-Enigland score in the “off” 
stage, between 12 and 18 months for 
the ADL scores in both “on” and “off” 
stages, and between 6 and 18 months 
for percent “off” time. 

We assessed the influence of age on 
clinical response. The median age for 
the patient population was 54.5 years. 
We compared the group of 10 patients 
older than 54 years (mean age, 60.9 
years) with the group of eight patients 
younger than 54 years (mean age, 48.5 
years). Older patients experienced 
more “off” time and less dyskinesia at 
baseline, but not at other times during 
the 18 months of follow-up. Both 
groups showed improvement in per- 
cent “on” time which was maximal at 
6 months. Benefit was more pro- 
nounced in older patients, but per- 
sisted longer in younger patients. In 
both groups the scores deteriorated by 
18 months and-were no longer signifi- 
cantly improved in comparison with 
those at baseline. No other index of 
clinical function was significantly dif- 
ferent between these two groups. 

Patients received approximately the 
same dose of levodopa (Sinemet) and 
dopamine agonist before and after sur- 
gery (Table 1). Other antiparkinsonian 
medications were continued without a 
change in dose throughout the study. 
Medications were discontinued the 
evening prior to surgery and reinsti- 
tuted at preoperative levels within 24 
hours following the surgical proce- 
dure. No new medications were initi- 
ated during the 18 months of follow-up 
and none of the patients have received 
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Fig 1.—Mean percent “off” time according to study center. Improvement and subsequent dete- 
rioration showed the same pattern for patients at each of the three centers. Improvement was 
maximal at 6 months and showed gradual and continued deterioration at months 12 and 18. USF 
indicates University of South Florida, Tampa; UK, University of Kansas, Kansas City; and Rush, 
Rush-Presbyterian St Luke's Medical Center, Chicago, Ill. 
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Fig 2.—Mean score during “off” stage on the motor subscale of the Unified Parkinson's Disease 
Rating Scale. Improvement and subsequent deterioration followed the same pattern for patients 
at the three participating centers with improvement being maximal at 6 months and subsequent 





deterioration being noted at months 12 and 18. See Fig 1 for explanation of symbols. 


selegeline (Depreny]). 

Medical complications ccecurring 
during the first 6 months have been 
reported previously.’ Those complica- 
tions recorded at 12 and 18 mcnths are 
listed:in Table 2. One patient experi- 
enced severe depression and was 
treated: with electroconvulsive ther- 
apy, one patient developed two gener- 
alized seizures that did not recur fol- 
lowing institution of carbamazepine, 
and one patient had the new onset of 
confusion and visual hallucinations 


that spontaneously cleared. Confusion 
and paranoid ideation in one patient 
and severe dystonia in another, which 
began immediately after surgery, per- 
sisted throughout the 18-month study. 


COMMENT 


We found a time-limited benefit in 
selected parameters of parkinsonism 
following autologous adrenal medul- 
lary transplantation to the right cau- 
date nucleus. Benefits were modest and 
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Table 1.—Measures of Severity During ‘Off’ Time and ‘On’ Time Before and After Adrenal Medullary Transplantation 


in Patients With Parkinson's Disease 


Follow-up, mo 


Baseline 12 





Medication requirement, mg/24 h, 
mean + SD 
Levodopa (Sinemet) 


1012.5 + 576.0 


922.2 + 493.0 


840.3 + 434.3 





Bromocriptine or equivalent * 


Duration, % of waking day 


19.9 + 19.4 


51.9 + 22.6 


20.8 + 23.8 


“oft” Stage 
24.7 + 19.2 


20.0 + 21.4 


28.8 + 23.4 





Measures of severity, scores,t mean + SD 
UPDRS motor 


39.0 + 7.1 


26.4 + 13.1 28.0 +°12.7 





UPDRS ADL function 


22.1 + 10.3 22.4 + 9.27 








Schwab-England scale 


30.3 


54.7 + 22.6 


t 
46.1 + 25.44 





Hoehn-Yahr scale 4.1 


Duration, % of waking day, mean + SD 
With dyskinesia 


3.6 + 0.7 
“On” Stage 


3.4 + 1.0 


14.9 + 15.5 17.0 + 17.6 





Without dyskinesia 


60.4 + 27.1 54.2 + 29.1 





Measures of severity, scores,f mean + SD 
‘UPDRS motor 


15.5 + 13.1 15.0 + 14.1 








UPDRS ADL function 


12.5 + 10.4 11.0 + 10.2 





Schwab-England Disability Scale 


72.8 + 21.9 71.9 + 25.5 








Hoehn-Yahr scale 


28+ 0.9 2.8 + 0.9 


* Bromocriptine equivalent, 1 mg of pergolide mesylate = 10 mg of bromocripitine. i 

ĦtUPDRS indicates Unified Parkinson's Disease Rating Scale; ADL, activities of daily livirg subscale; and NS, not significant. Improvement is indicated by a decrease 
in values for the UPDRS motor and UPDRS ADL scores (range of possible scores, 0 to 56 [UPDRS motor] and 0 to 52 [UPDRS ADL]) and in values on the Hoehn-Yahr 
scale (range of possible scores, O to 5), and by an increase in values on the Schwab-England scale (range of possible scores, O to 100). 

Deterioration at 12 months compared with 6 months, P < .05. ` 

§Deterioration at 18 months compared with 6 months, P < .05. 


|improvement at 18 months vs baseline, P < .05.° 


TDeterioration at 18 months compared with 12 months, P < .05. 


Table 2,——Medical Complications 
According to Study Center* 


No. of Patients 
With Complications 
Record 
Time 


At 12 months 
Depression 
Dystonia 
Death 
Confusion 
Seizures 

At 18 months 
Depression 
Dystonia 
Confusion 
Seizures 


*Rush indicates Rush-Presbyterian St Luke's 
Medical Center, Chicago, Ill; USF, University of South 
Florida, Tampa; and UK, University of Kansas, Kan- 
sas City. 








principally reflected an improvement 
in percent “off” time and clinical func- 
tion during “off” stages. Our results 
are similar to those of Jankovic et al? 
and Allen et al, who reported selected 
improvement for up to 12 months. Our 
patients’ maximal benefit occurred be- 
tween the sixth and 12th months and 
was followed by a progressive loss of 
benefit that was most pronounced be- 
tween the 12th and 18th months. This 
pattern differed from that in 
Madrazo’s’ report of a progressive in- 
crease in benefit, which continued be- 


1288 


Arch Neurol—Vol 47, December 1990 . 


yond the sixth month. 

The mechanism responsible for the 
clinical benefit that we observed is 
unknown. Several hypotheses have 
been proposed. The suggestion that 
transplantation of adrenal medullary 
cells leads to producticn and elabora- 
tion of dopamine seems unlikely. 
Autopsy studies following transplan- 
tation in patients with Parkinson’s 
disease or in primates treated with 
j-methyl-4-pheny]-1,2,3,6-tetrahydro- 
pyridine (MPTP) demonstrate few, if 
any, surviving adrenal medullary 
cells.>’ Furthermore, adrenal medul- 
lary cells from patients with Parkin- 


- son’s disease appear to be deficient in 


dopamine. Isolation of medullary cells 


_ from adrenal cortical cells may be 


necessary for effective production of 
dopamine, and this separation may not 
be possible in operative dissections. 
The elaboration of a trophic factor 
with resultant sprouting of residual 
dopaminergic nerve terminals may 
best explain the clinical efficacy that 
we documented.’ This hypothesis is 
partly based on findings of enhanced 
tyrosine-hydroxylase staining in the 
ipsilateral nigrostriatal tract follow- 
ing adrenal medullary transplantation 
in primates, even though the grafts 
were not viable. Similar findings can 
be observed following striatal grafting 
of nonchromaffin tissue or after stri- 





atal lesions.” Enhanced sprouting of 
residual dopamine terminals could 
permit enhanced storage of dopamine 
following a given dose of levodopa and 
result in a more prolonged and effec- 
tive therapeutic response. This could 
account for our findings of reduced 
percent “off” time with improved clin- 
ical function during “off” periods. If 


clinical benefits following adrenal - 


medullary transplantation are related 
to the release of a trophic factor, iden- 
tification of this factor may permit 
treatment with the factor itself and 
obviate the need for adrenal tissue or 
transplantation surgery. 

The possibility that the clinical ben- 
efits are due to the surgical lesion itself 
must also be considered. In the 
prelevodopa era, improvement in con- 
tralateral tremor and rigidity was re- 
ported following lesions in the ventro- 
lateral nucleus of the thalamus." Im- 
provement in bradykinesia, gait, 
speech, and ipsilateral motor function 
was much less likely to occur. Our pa- 
tients did not demonstrate preferen- 
tial improvement on the side con- 
tralateral to the lesion. Benefit was 
more pronounced during “off” stages 
and affected gait, speech, and brady- 


. kinesia. We feel that it is unlikely that 


a physiologic effect of the lesion was 
responsible for the observed clinical 
benefit. This does not preclude the 
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possibility that the surgical lesion con- 
tributed to the release of a trophic 
factor, which in the presence of 
levodopa resulted in the clinical bene- 
fit observed. 

Doses of medication were not signif- 
icantly changed postoperatively by in- 
tent, and no new medications were in- 
stituted during the 18-month study. 
Antiparkinsonian medication was re- 
instituted as soon as possible following 
surgery and was not withheld for more 
than 24 hours. Thus, drug manipula- 
tion or a “drug holiday” seems an un- 
likely explanation for the clinical ben- 
efits observed. 

We do not discount the possibility 
that the benefits that we have observed 
may relate at least in part to a placebo 
effect. Vascular ligation studies in an- 
gina demonstrated that surgery alone 
can have a prominent placebo effect.” 
Although typically of short duration, 
these effects can persist for over 
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1 year.” We believe that a placebo ef- 


' fect in our patients is unlikely due to 


the duration of the response, the effect 
on specific parameters, and the simi- 
larity of response among our different 
centers." As with any therapy, the ef- 
ficacy of this procedure can only be es- 
tablished in a well-designed, random- 
ized controlled trial. i 

The basis of the deterioration over 
time experienced by our patients is 
unclear. This may represent progres- 
sion of Parkinson’s disease or a loss of 
the mechanism responsible for the 
benefit induced by the transplantation 
procedure. Steele-Coller et al have 
reported that levodopa exposure actu- 
ally inhibits graft survival, and all our 
patients continued on long-term 
levodopa treatment -postoperatively. 
From our clinical data, there is no 
suggestion that transplantation of ad- 
renal medulla permanently reverses or 
arrests the underlying pathologic pro- 
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cess of Parkinson’s disease. 

It has been suggested that younger 
patients are more likely to have a good 
response following adrenal medullary 
transplantation than are older pa- 
tients.’ Our data suggest that age alone 
is not an important factor in deter- 
mining the likelihood of obtaining ben- 


efit following this procedure. 


We consider any benefit lasting 18 
months in patients who could not be 
improved with drug manipulation to 
be important. Our’ patients had ad- 
vanced Parkinson’s disease with se- 
vere motor fluctuations, and these 
findings may not pertain to other pop- 
ulations of patients with Parkinson’s 
disease. Beeause of the morbidity as- 
sociated with adrenal medullary trans- 
plantation in its present form, we con- 
sider its use still experimental. Fur- 
ther laboratory research efforts may 
suggest modifications to maximize 
clinical benefit and reduce morbidity. 
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The Nigrostriatal Dopaminergic System Assessed 
In Vivo by Positron Emission Tomography in Healthy 
Volunteer Subjects and Patients. With Parkinson’s Disease 


' Klaus L. Leenders, MD; Eric P. Salmon, MD; Pippa Tyrrell, MD; Daniela Perani, MD; David J. Brooks, ME; 
Harvey Sager, MD; Terry Jones, DSe; C. David Marsden, MD; Richard S. J. Frackowiak, MD i 


@ A group of healthy control subjects 
and patients with Parkinson’s disease 
were investigated using positron emission 
tomography and two tracers as indicators 

_of different specific properties of the pre- 
synaptic dopaminergic system in caudate 
nucleus and putamen. The first tracer, 6-L- 
('8F)-fluorodopa, was used as an analog of 
levodopa to assess its regional brain up- 
take, conversion into, and retention as 
dopamine and further metabolites. The 
second tracer, (''C)-nomifensine was em- 


ployed as an indicator of striatal monamin- . 


ergic reuptake sites that are principally 
dopaminergic. We have used this tracer to 
assess dopaminergic nerve terminal den- 
sity. In patients with Parkinson’s disease, 
striatal uptake of both tracers was de- 
creased, putamen being significantly 
more affected than caudate. Side-to-side 
differences of uptake in putamen, but not 
caudate, correlated with corresponding 
left-right differences of scored clinical 


motor performance. Both 6-('°F)-fluoro- ` 


dopa and ("'C)-nomifensine tracer uptake 
in putamen was decreased on average to 
40% of normal values, suggesting that a 
substantial part of the cellular elements of 
the dopaminergic nigrostriatal system is 
still intact in living parkinsonian patients. 
This is in contrast to the generally extreme 
depletion of endogenous dopamine in the 
putamen of patients found at postmortem. 
Our results lend support to the search for 
drug treatments that protect against fur- 
ther nigrostriatal cell loss and that could 
be exhibited as soon as the disease man- 
ifests clinically. If successful, a sufficient 
striatal nerve terminal pool would remain 
so that the effectiveness of levodopa as a 
dopamine repletor could persist. 
(Arch Neurol. 1990;47:1290- 1298) 
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The generally accepted pathological 

basis of Parkinson’s disease (PD) is 
the extensive loss of dopaminergic 
neurons in the zona compacta of the 
substantia nigra. Postmortem studies 
have shown that marked impairment 
of the dopaminergic nigrostriatal sys- 
tem in patients with PD results in a 
low concentration of endogenous stri- 
atal dopamine, increased relative 
dopamine turnover, and reduced ty- 
rosine hydroxylase activity.: However, 
it is still poorly understood how the 
various components of the dopaminer- 
gic system are affected in vivo in indi- 
vidual patients, and how alterations in 


dopaminergic function precisely relate 


to clinical signs and symptoms, pro- 
gression of the disease, and drug treat- 
ment. 

Positron emission tomographic 
(PET) tracer studies allow in vivo ex- 
amination of certain properties of the 
striatal presynaptic dopaminergic 
system.” This now provides the oppor- 
tunity to investigate directly, albeit 
within limitations, living patients 
with PD. The cerebral uptake and me- 
tabolism of the levodopa analogue 
levofluorodopa labeled with (F) ({"F]- 
fluorodopa) can be used to reflect the 
uptake and metabolic fate of exoge- 


_nous levodopa, which in striatum is 


mainly decarboxylated .intraneuron- 
ally in nigrostriatal dopaminergic 


` nerve terminals. It has been shown 


that ('*F)-fluorodopa uptake is mark- 
edly reduced in the striatum of pa- 
tients with PD and other neurodegen- 
erative diseases.‘ Calculation of 
unidirectional blood-to-brain uptake 
constants” allows direct comparison 
between individuals of the capacity of 
specified brain regions to process ("F)- 
fluorodopa.'!'6” In patients with PD, 
tracer uptake has been shown to cor- 
relate with disease ‘severity as ex- 
pressed by limb bradykinesia.” 
Nomifensine is a potent -competitive 


inhibitor of amine uptake in rat brain 


synaptosomes, particularly noradren- 
aline and-dopamine.'*” In vitro auto- 
radiographic studies in rat brains us- 
ing tritiated nomifensine have shown 
that binding is highest in the projec- 
tion fields of dopaminergic path- 


ways,”" but uptake in noradrenergic 
regions also occurs. ('C)-Nomifensine 
and PET have been used for in vivo 
measurement of brain monaminergic 
uptake sites in monkey and man.” 
From these studies, it was concluded 
that ('C)-nomifensine uptake in stria- 
tum reflects the regional density of 
dopaminergic nerve endings. Prelimi- 
nary studies in six patients with PD 
with a racemic mixture of high and low 
affinity (+ and —) enantiomers of 
nomifensine showed reduced: specific 
striatal binding in three of them.’ 


In this study, we report PET mea- . 


surements using (*F)-fluorodopa and 
('C)-nomifensine (active enantiomer 


and racemic mixture) in patients with 


PD and healthy volunteer subjects. 
The aim of cur study was to determine, 
in vivo, the extent of the degeneration 
of nigrostriatal neurons (as evidenced 
by loss of dopamine reuptake sites) 
and the decline of presynaptic dopa- 
mine storage capacity in caudate nu- 
cleus and putamen in patients with PD. 
We also were interested to see whether 
the marked fall-off of nigrostriatal 
dopamine levels in parkinsonian pa- 
tients is accompanied by similar re- 
ductions of (1) the capacity to form and 
store dopamine from exogenous dopa 
and (2) dopaminergic reuptake sites, 
as an index of nerve terminal density. 


SUBJECTS AND METHODS 
Subjects 


Nine patients with PD and seven age- 
matched vo_unteer subjects were studied 
using (*F)-fluorodopa. The active (+) enan- 
tiomer of ('C)-nomifensine and the race- 
mate (+) were administered to two differ- 
ent groups of subjects, each consisting of six 
controls and six patients of similar age 
(Table 1). Five of the patients had both an 
(®F)-fluorodopa and an ('C)-nomifensine 
(active enantiomer) scan, which were per- 
formed on different days. 

Eight patients showed the classical triad 
of PD, while in the ninth no rest tremor was 
found. Clinical assessment did not reveal 
any pyramidal, cerebellar, or oculomotor 
(smooth pursuit) disturbances. The Hoehn- 
Yahr score of the patients ranged from 
grade 2 to 4. No dementia was detected on 
formal neuropsychological testing. The pa- 
tients responded well to levodopa treat- 
ment, which, in some cases, was supple- 
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mented by dopamine agonists. The antipar- à GR 
kinsonian treatment was stopped the Table 1.—Patients and Healthy Volunteer Subjects 


(°F)-Fluorodopa ('C)NMF, (+) ('C)NMF, (+) 


evening before the PET investigation. The 
PD New York University clinical score” 
was applied to all patients just before or 





Control Subjects 














after the scan in order to assess semiquan- al ee 

titatively the severity of right-sided and Age, ¥ 60 + 10 

left-sided rigidity and bradykinesia. The : Patients 

project was approved by the Research Eth- Number 

ics Committee of the Hammersmith Hospi- Age, y 

tal (London, England), and permission for H-Yt : 

use of the appropriate radionuclides was * NMF indicates nomifensine; (+), active enantiomer; (=), racemic mixture; values for age are expressed as 
obtained from the United Kingdom Admin- mean + SD. 


istration of Radioactive Substances Advi- tHoehn-Yahr (H-Y) score given as the range. 
sory Committee. All subjects gave their - 
written informed consent. 


Fig 1.—Examples of the time course of ('°F)-fluorodopa (top and bottom left} and (''C)-(+)-nomifensine (top and bottom right) 
radioactivity in healthy volunteers (upper panels) and parkinsonian patients (lower panels). Symbols: solid squares, putamen; 
open squares, cerebellum; open circles, plasma. Each data point represents the regional mean decay-corrected radioactivity 
(y-axis) measured during the indicated time period (“‘time-frames” or the x-axis). Units of the y-axis are expressed as “units 
of uptake,” ie, megabecquerels per milliliter of tissue per megabecqverels administered tracer per gram of body weight. The 
plasma values are extrapolated to the midscan time of each scan time frame. ` 
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Fig 2.—-Examples of graphic analysis to calculate unidirectional influx constants (K, for ['°F]-flu- 

orodopa for different brain regions. The ratio of radioactivity in the regions of interest (ROI) and 

arterial plasma is plotted against a time equivalent (integrated plasma activity over actual plasma 

activity). K, is the slope of the regression line calculated between 30 and 90 minutes after admin- 
istration of ('8F)fluorodopa. (see “Subjects and Methods” section). 


Tracers 


6-L-("F)-fluorodopa was produced as de- 
scribed previously.” The radiochemical pu- 
rity was 96.4% + 3.7%, and the specific ac- 
tivity at time of administration was 
8.25 + 2.19 MBq/umol. The mean total in- 
jected tracer mass was 19.1 + 6.2 pmol. The 
mean radioactive dose was 2.14 + 0.77 
MBa/kg of body weight. The radionuclide 
(F) decays by positron emission (radioac- 
tive half-life approximately 110 minutes), 
which makes it possible to determine the 
exact amount (microcuries per milliliter) of 
radioactivity and thus tracer mass (or me- 
tabolites) per milliliter of brain tissue. 
The racemate (+) form of (''C)-nomifen- 
sine and the active (+) enantiomer were 
synthesized as described before.* The radi- 
ochemical purity for both was 92.1% 
+ 2.8%, and the specific activity at time of 
administration was 8640 + 3407 MBaq/ 
pmol. The mean total injected tracer mass 
was 0.024 + 0.012 umol. The administered 
radioactive dose was 2.60 + 1.02 MBq/kg of 
body weight. The positron emitting radio- 
nuclide (C) decays with a radioactive half- 
life of approximately 20.3 minutes. 


_Scanning Procedure 


The whole-body PET used (CTI Inc model 
931-08/12, Knoxville, Tenn) recorded activ- 
ity from 15 contiguous 7-mm-wide cross- 
sections (planes) simultaneously, covering 


a total axial field of view of 10.5 cm. The - 


transaxial resolution in the reconstructed 
images was 8.5 mm FWHM (full width at 
half maximum).» 

A customized headholder was prepared 
for each patient using ‘a fast-hardening 
foam mold (Smithers Medica! Products Inc, 
Akron, Ohio). The subjects were positioned 
using laser beams so that the lower plane 
ran parallel and 1 em above the orbito- 
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meatal line. This procedure ensured that 
both cerebellum and basal ganglia were in 
the field of view. 

A transmission scan using an external 
retractable ring source of germanium 68 
(Ge) was performed before administra- 
tion of tracer to measure tissue attenuation 
enabling correction of the subsequent emis- 
sion data. 

Both tracers were injected intravenously 
in a volume of 10 mL over 2 minutes 
followed by a one-minute flush with saline 
using a constant infusion pump (Harvard), 
At the start of the infusion a prepro- 
grammed series of successive periods of 
measurement (frames) was commenced. 
The total number of frames was 28 in the 2- 
hour ("F)-fluorodopa and 21 in the 1-hour 
('C)-nomifensine sean (Fig 1). Not all pa- 
tients were able to remain immobile on the 
scanning couch for the entire 2-hour (#F)- 
fluorodopa scan, but 1.5 hours of scanning 
was possible in all patients. Frame duration 
increased progressively from 1 to 10 min- 
utes in (*F)-fluorodopa scans and from 30 
seconds to 5 minutes in the (''C)-nomifen- 
sine scans. During each frame the tissue 
activity of all 15 planes was recorded si- 
multaneously. 

From the start of the tracer infusion, 
blood samples were taken via an indwelling 
radial artery cannula (Teflon gauge 21). 
Eleven samples were taken during the first 
10 minutes (six during the first 2 minutes) 
to catch the peak activity in the blood. The 
sampling schedule was then spaced out in 
intervals up to 10 minutes according to the 
length of the scan. Whole blood and plasma 
radioactivity were determined for each 
sample in a well counter cross-calibrated 
with the tomograph. Metabolites were not 
measured. One hour before the ('*F)- 
fluorodopa scans, 100 mg of carbidopa was 
given orally to all subjects followed by an 
additional dose of 50 mg 30 minutes before 


tracer administration. 

During the ('C)-nomifensine scan proce- 
dure an additional step was included be- 
tween transmission scan and (#!C)- 
nomifensine infusion. Cerebral blood flow 
(CBF) was determined using the oxygen- 
15-labeled carbon dioxide (C%O,) steady- 
state technique.?’” This increased the du- 
ration of the whole scanning procedure by 
approximately 20 minutes. 


Data Analysis 


After data collection, all 15 planes of each 
frame were reconstructed and visually in- 
spected on a monitor. In order to improve 
the contrast between dopaminergic and 
nondopaminergic brain regions to aid the 
definition of anatomical regions of interest 
(ROIs), the latter frames of each scan were 
added and composite images were obtained. 
The high activities in caudate nucleus and 
putamen enabled clear visual distinction of 
these structures. The positions of a circular 
ROI for caudate nucleus (10-mm diameter) 
and an elliptical ROI for putamen (24 X 10 
mm) were manually defined such that they 
comprised the maximal activities in the vi- 
sually obvious respective brain regions. The 


elliptical cerebellar ROI (70 X 80 mm) was . 


defined on the plane that best showed both 
cerebellar hemispheres. 

Mean values cf radioactivity contained in 
the ROIs were then calculated for each 
frame and decay was corrected. Tissue and 
plasma activity was expressed as megabec- 
querels per milliliter of tissue per mega- 
beequerels per gram of body weight (“unit 
of uptake”) and plotted against time (Pig 1). 
To determine the specific uptake of (#F)- 
fluorodopa a multiple-time graphic analy- 


sis (MTGA) was applied.>" With this. 


method, ratios of ROI vs reference values 
are plotted against a transformed time 
scale for each data point (Fig 2). The time 
scale is derived from the integral of a ref- 
erence activity (plasma or cerebellum) di- 
vided by reference activity at each time 
point of sampling. The units of this nor- 
malization are units of time, although the 
value does not correspond to the actual time 
of measurement, but is relatively 


- “stretched” (compare Figs 1 and 2). Within 


the constraints of the MTGA model as- 
sumptions, when the tracer reaches an 
equilibrium between all blood and brain 
compartments, constant flux into a “final 
irreversible” specific compartment (from 
which there is no backflux) is indicated by 
a linear increase in the plotted data, with a 
slope reflecting its magnitude.” The slope is 
called the unidirectional influx constant 
(K,) and includes effective blood-to-brain 
transport and specific processing of the 
tracer by the tissue. For (*F)-fluorodopa 
the K,s for the three ROIs in all subjects 
were determined by calculation of the slope 
of the linear regression line for the data 
points between 30 and 90 minutes of real 
time after tracer administration. The time- 
activity curves of (''C)-nomifensine for 
both dopaminergic and nondopaminergic 
brain regions run in parallel from about 25 
minutes after iracer injection, suggesting 
the difference between specific and nonspe- 
cific tissue binding becomes constant. To 


Parkinson's Disease—~Leenders et al 


stopped. This was followed by a rapid 
decline with a slower decrease during 
the second half of the scan. In the par- 


Table 2.—Uptake of (°F)-Fiuorodopa (K) and (''C)-Nomifensine (Ratios Minus 1)* 


(°F)Fluorodopa, K, (°C)NMF, (+) ("C)NMF, (+) : € à 

i (Ratio-1) (Ratio-1) kinsonian patients the time course of 

Plasma Cerebellum Cerebellum Cerebellum changes in radioactivity in plasma and 

_ l Reference Reference Reference Reference nondopaminergic regions was virtu- 
y Cau Put Cau Put Cau Put ally identical to that in control sub- 








jects, but putamen and caudate nu- 
cleus regions showed decreased uptake 
(Fig 1). 
Cerebreéluptake and washoutof ('C)- 
nomifenstne was faster than (*F)- 
fluorodopa, and resulted in higher ab- 
solute values of tissue radioactivity. 
('C)-nom:fensine activity in plasma 
and nondopaminergic brain regions 
showed s.milar time courses in pa- 
tients ani control subjects. In the 
dopaminergic regions, parkinsonian 
patients snowed a marked reduction of 
uptake ccmpared with normal sub- 
jects. Striatal and cerebellar activity 
curves ran in parallel between 25 and 
55 minutes after tracer injection. The 
arterial plasma activity after (C)- 
nomifensine administration showed, 
after the initial peak and washout, a 
slow secondary rise of radioactivity 
from about 10 minutes onward. The 
individual values of “specific uptake” 
for all subjects and both tracers are 
plotted in Fig 4 for putamen and cau- 
date nucleus. The mean values + SD 
are listed in Table 2. In control sub- 
jects, valies in the putamen were 
slightly higher than in the caudate 
nucleus, but the differences were not 
statistically significant. In Table 3 the 
results of the paired (*F)-fluorodopa 
and ("C)-nomifensine scans in five 
parkinsonian patients are listed indi- 
vidually, and compared with those of 
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tional transport of ('*F)fluorodopa; cau, caudate nucleus; and put, putamen. Values are expressed as 
means + SDs. Mann-Whitney U test was used for comparison of patients with controls. For technical reasons 
the plane depicting cerebellum was not available in two control subjects. 
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Table 3.—Uptake of (8F)-Fluorodopa (K,) and (''C)-Nomifensine 
(Paired Tracer Studies) 


('*F)-Fluorodopa (K,) 
aa ini (C)-NME (Ratio-1) 
Plasma Cerebellum (+) Enantiomer 











Control 
values .0084 + .0011 .0088 + .0009 .0118 + 0016 0123 + .0008 .78+ .12 90 + .10 
.0036 -0076 .0028 51 .36 
.0061 .0081 .0076 43 .24 
-0031 -0107 | .0050 .49 .33 
.0043 Sane Ta .59 42 
.0029 -0077 .0037 -50 43 
.0040 .0085 .0048 51 36 
+ .0013 + .0015 .0021 
72 
U= 1 u=c U=6 
P= 016 P= 002 P= .002 
* The unidirectional transport constant (K, of (F)-fluorodopa is given using both plasma and cerebellum as 
reference. Five patients’ individual values of paired scans are listed. NMF indicates nomifensine; cau, caudate 
nucleus; put, putamen; PD, Parkinson's disease. The values of the control subjects are given as the group 
mean + SD (Table 2). %C indicates the percentage of the corresponding mean control valje. Mann-Whitney 
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U test Was used for comparison of patients and control subjects. 


obtain an indication of specific uptake of 
('C)-nomifensine, the ratio of averaged 
caudate nucleus or putamen vs cerebellum 
activity was calculated between 25 and 55 
minutes after administration. The ratios of 
dopaminergic over nondopaminergic re- 
gional values minus one were taken as indi- 
cators of specific ('C)-nomifensine binding. 


Statistical Analysis 


The Mann-Whitney U test was used to 
compare specific tracer uptake between pa- 
tients and controls (Tables 2 and 8). Rank- 
order Spearman correlation was performed 
to assess significance of the correlation be- 
tween clinical phenomena and tracer up- 
take in the patients (Fig 3). A left-to-right 
clinical asymmetry index on the basis of the 
clinical scores (see above) was calculated, 
expressed in percent according to the for- 
mula (L-R)/(R+L) x 200. Using the same 
formula, an asymmetry index was caleu- 
lated for (*F)-fluorodopa (K,) and (!C)- 
nomifensine specific binding in caudate nu- 
cleus and putamen. A positive correlation 
between these two asymmetry indexes 
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means that a left clinical preponderance 
corresponds to decreased dopaminergic 
function on the right side. 


RESULTS 


(*F)-fluoredopa was taken up over 
90 minutes into brain both in control 
subjects and in patients (Fig 1). In the 
dopaminergic regions in control sub- 
jects, a plateau was generally reached 
at about 20 minutes after tracer ad- 
ministration, highest values being 
found in the putamen. In nondopam- 
inergic brain regions, eg, cerebellum, 
peak activity was reached at about 20 
minutes, followed by a slow decline. 
Between 30 and 40 minutes after tracer 
administration equilibrium was estab- 
lished between total activity in arte- 
rial plasma and nondopaminergic 
brain regions. The arterial plasma ac- 
tivity peaked at about 2 minutes, at the 
time when tracer administration 


control scbjects. The paired studies 
show similar results to the whole pa- 
tient population. Three patients 
showed matched decreases of uptake 
of both tracers in putamen, while two 
patients did not. 

In parkinsonian patients, caudate 
and putamen values showed signifi- 
cantly lower values than in control 
subjects for both tracers, but putamen 
values were more affected than cau- 
date values (Tables 2 and 3). 

From Table 2 it can be seen that the 
scans performed with the active (+) 
enantiomer of ("C)-nomifensine gave 
a better ccentrast between striatal and 
nondopaminergic tissue uptake than 
studies using the racemic mixture.’ 
Specific binding using the racemate 
was, as expected, approximately 55% 
of that obtained using the (+)enantio- 
mer alone. Further analysis was per- 
formed using only the (+) data. 

(®F)-fluorodopa K, values were 
higher when cerebellum was used as a 
reference in the M-TGA instead of 
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Fig 3.—Left to right (percent) clinical asymmetry (using a rigidity and bradykinesia scoring list?® compared with left to right 
(percent) asymmetry of specific tracer uptake (plasma as reference) in putamen (top and bottom left) and caudate nucleus 
(top and bottom right). Spearman rank order of left upper panel: r = .73; P < .05 and of left lower panel: r= .81;.P = .05. 


plasma. The relationship between cau- 
date nucleus and putamen values in 
control subjects and patients was, 
however, unaltered, whichever refer- 
-ence was used. 

In patients, ("F)-fluorodopa and 
(?C)-nomifensine (+) uptake were sig- 
nificantly decreased in the putamen 
(45% and 40% of control values, re- 
spectively). However, in the caudate 
nucleus ["'C]-nomifensine uptake was 
more affected (62% of control in Table 
2 and 65% in Table 3) than (*F)- 
fluorodopa uptake (plasma reference, 
81% and 85% of control in Tables 2 and 
3; cerebellum reference, 74% and 72% 
of control in Tables 2 and 3, respec- 
tively). The Mann-Whitney U test 
showed significantly lower percent dif- 
ferences of ('C)-nomifensine specific 
uptake in caudate vs putamen com- 
‘pared with (*F)-fluorodopa uptake 

. (P= 02 with plasma and P = .006 
with cerebellum as reference). Taking 
the ratio of caudate nucleus to puta- 
men uptake (Fig 5), this dissociation 
was also apparent, but the difference 
was not significant (P = .25). Although 
(°F )-fluorodopa and ('C)-nomifensine 
uptake in patients were found to be 
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Table 4.—Regional Cerebral Blood Flow (rCBF) Values 
of Patients and Controli Subjects * 


Cauate 


Putamen 


Frontal 
Cortex 


Occipital 


Cortex Cerebellum 











Control subjects, n = 12+ 
Patients, n = 11ł 
% of controls 


93 





38.1483 458249.9 
35.6 + 8.0 4254689 


40.2 + 86.9 42.84 9.6 
36.0 + 5.6 96.9 + 5.1 
90 86 


42.5 + 8.4 
41.8 + 8.9 
98 


* Values are expressed as milliliters per 100 mL per minute (mean + SD). 
+All CBF measurements were carried out immediately before the (''C)-nomifensine uptake scans. However, 
in one patient, no CBF measurement couid be performed. 


clearly decreased in both caudate nu- 
cleus and putamen, nevertheless the 
ratios of caudate nucleus to putamen 
values of both tracers were signifi- 
cantly higher (P <.0001) compared 
with control subjects. The increase of 
caudate nucleus, over putamen ratios 
was more marked for ('*F)-fluorodopa. 

Table 4 lists the average tissue per- 
fusion for brain regions (rCBF) in all 
subjects. The mean values of rCBF in 
all investigated regions were slightly, 
but not significantly, decreased in the 
parkinsonian patients. No focal de- 
fects were observed. Only a nonsignif- 
icant trend was found comparing mean 
clinical disability of each patient with 
average specific putaminal tracer up- 


take. However, the percent side-to- 
side differences in clinical score 
(bradykinesia and rigidity of left over 
right limbs) correlated with the per- 
cent side-to-side differences of ('*F)- 
fluorodopa uptake in putamen: ie, a 
higher uptake in left putamen corre- 
sponded to a ‘ower clinical disability 
score on the right side of the body, and 
vice versa (Fig 3) (Spearman rank-or- 
der test; plasma reference, r= .73, 
P = .031; cerebellum reference, r = .75, 
P = 87). A similar finding (r = 81, 
P= 05; Spearman rank order test) 
was found for ("C)-nomifensine up- 
take in putamen. On the other hand, 
caudate nucleus uptake did not corre- 
late significantly (but showed a trend) 


Parkinson's Disease—-Leenders et al 


A 


A 


<h 








0.015 


8 0.012 

E 7 

5 o 

Š 0,009 r 

č 8 b i 

& 0.006 z i 

S $ 

A 

g 0.003 

0.000 CAU PUT CAU PUT | 

Control Patients 
Subjects 








0.0154 - To 

g 0.012 o 1 

ov š H o 

> ge 8 

£ 0.009 

€ 8 e 

= 0.008 

2 | 

5 0.003 H 

s ‘ 

x 

0.000 CAU PUT CAU PUT 

Control Patients 
Subjects 





2.2 
2.0 3 
| i 
8 1.6 8 . o 
È 44 i l 
1.2 
‘1.0 
CAU PUT CAU PUT 
Control Patients 
Subjects 








Fig 4.—Diagrams of unidirectional influx constants (K) for (*F}fluoradopa using either plasma (left) cr cerebellar (center) ra- 
dioactivity as reference. Right, Diagram shows the ratios of (''C)-nomifensine radioactivity in the indicated regions of interest 
to cerebellum. Cau indicates caudate nucleus values; put, putamen values. The means + 2 SDs are drawn for the respective 
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Fig 5.—Ratios (means + 2 SDs) of caudate | 


nucleus over putamen values of ('F)-fluoro- 
dopa (plasma reference) and _ {''C)- 
nomifensine(+) uptake. C indicates control; 
PD, Parkinson's disease. 


with clinical motor performance for 
either tracer. 


COMMENT 


We investigated the capacity of the 
caudate nucleus and putamen to de- 
carboxylate (“F)-fluorodopa and re- 
tain its metabolites. In the same brain 
regions the pool of monaminergic re- 
uptake sites was assessed using (''C)- 
nomifensine. The results presented 
show that both tracers, within limita- 
tions, are suitable for these respective 


‘purposes. 


Methodological Considerations 
('8F)-Fluorodopa 


(3F)-fluorodopa is taken up and me- 
tabolized to fluorodopamine like 
levodopa itself.” Values of the 
Michallis constant (Km) and the max- 
imum velocity (Vaa) of blood-brain 
transport and the decarboxylation 
rate’ for (4F)-fluorodopa are similar 
to those for levodopa. Although 
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levodopa is a “physiolog:cal substrate” 
for aromatic amino acid decarboxylase 
(AADC), the handling by the brain of 
exogenously administered levodopa is 
a “nonphysiological” situation as 
much as the processing of fluorodopa 
is. (*F)-fluorodopa uptake cannot en- 
able rates of conversior of endogenous 
levodopa to dopamine to be deter- 
mined, because of the lack of informa- 
tion concerning endogenous levodopa 
pools and tyrosine hycroxylase activ- 
ity. Similarly, (*F)-flusrodopa uptake 
into the brain cannot be used to deter- 
mine endogenous dopamine concentra- 
tion. 

The (F) carrying compounds after 
L-6-("F)-fluorodopa tracer adminis- 
tration that cross the blood-brain bar- 
rier are the tracer itself and its meth- 


` ylated product.” These substances are 


the only ones presenz in the plasma 
following L-6-(*F)-fluorodopa admin- 
istration when carbidopa pretreat- 
ment is used. to block AADC outside 
the central nervous system.*4! Fur- 
ther developments suggest that it may 
be possible in the future to use cate- 
chol-o-methyl transfzrase inhibitors, 
in addition to carbicopa, in order to 
obtain a purer arterial tracer input,? 
thus allowing-more accurate quantita- 
tion of tracer uptake into the brain. 
The fate of the (*F)-fluorodopa 
tracer in the brain tissue itself is more 
difficult to establish and appears to 
differ according to species. In rat 
brain, a large contribution of the sig- 
nal derives from the o-methylated 
derivative.” This had already been 
demonstrated using ('*C)-labeled levo- 
dopa.“ However, in cats virtually no 
o-methylated derivatives can be found 
in the brain tissue after the adminis- 
tration of levodopa.” In the absence of 
carbidopa, only small amounts of 3-0- 
methy1-6-(“F)-fluoro-levodopa in one 
Rhesus monkey brain were found after 
L-6-(8F)-fluorodopa administration.! 


6-('8F)-fluorodopamine was the pre- 
dominant striatal metabolite during 
the first hour after tracer administra- 
tion. 

The pool of striatal fluorodopa me- 
tabolites after the decarboxylation 
step of «'F)-fluorodopa is considered 
here as the “irreversible” compart- 
ment. The formation of (#F)- 
fluorodopamine from (*F)-flucrodopa 
is a one-way reaction. In addition, the 
amine product is kept in the dopamin- 
ergic striatal nerve terminal pool long 
enough for the scanning procedure to 
measur2 accumulation. Part of the 
(8F)-fluorodopamine will be further 
metabolized during the measurement 
period, but this does not violate the 
model since these metabolites belong 
to the same irreversible metabolic 
pool. The degree of decarboxylation 
and revention of the total metabolic 
pool is expressed by the measured K, 
for a particular brain region. To avoid 
the prcblem of multiple metabolites in 
the plesma we also used a nondopam- 
inergic tissue as a reference input (Fig 
4). As can be seen from Fig 4, similar 
relative relationships between re- 
gional uptake values are obtained, 
whichaver reference is used. 


('C)-Nomifensine 


The binding of tritiated nomifensine 
in rat striatum was found to be satu- 
rable, specific, sodium-dependent, and 
of high affinity.** Extensive lesions of 
dopaminergic brain-stem nuclei result 
in merked or near total reduction of 
tritiated nomifensine binding in stria- 
tum. No change of striatal tritiated 
nomizensine binding was observed af- 
ter lesions of the locus coeruleus or ra- 
phe nuclei. In rat striatum, tritiated 
nomifensine binds primarily to pre- 
synaptic uptake sites for dopamine. In 
monkey brain, specific uptake of (!'C)- 
nom‘fensine in striatum is blocked by 
pretreatment with mazindol, but not 
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desipramine.’ Mazindol also potently 
binds to striatal dopamine reuptake 


sites, whereas desipramine selectively | 


inhibits tritiated mazindol binding to 
noradrenaline uptake sites without af- 
fecting dopamine uptake sites.” Fur- 
ther evidence that specific binding of 
(#C)-nomifensine in striatum is to the 
presynaptic terminals of the dopamin- 
ergic system was obtained by perform- 
ing longitudinal PET scans in a mon- 
key with a unilateral 1-methyl-4-phe- 
nyl-1,2,3,6-tetrahydropyridine (MPTP) 
lesion of the nigrostriatal dopaminer- 
gic system.’ A difficulty in the analysis 
of ("C)-nomifensine data is the rapid 
appearance of tracer metabolites in 
the blood plasma. We did not measure 
metabolites, but the rise of plasma ac- 
tivity, observed from 10 minutes after 
tracer administration (Fig 1) is as- 
. sumed to result from the appearance of 
glucuronoconjugates**® that remain in 
the blood compartment. A method to 
circumvent the problem of plasma me- 
tabolites has been proposed.” In this 
article we decided to use solely the tis- 
sue activity to obtain an indicator of 
specific ("C)-nomifensine uptake. 

Using the enantiomeric mixture of 
(°C)-nomifensine, the difference in 
specific binding between control sub- 
jects and parkinsonian patients is 
blurred by the additional contribution 
of nonspecific radioactivity by the in- 
active (~) enantiomer. This is particu- 
larly clear when comparing the two 
control groups, who naturally possess 
a large pool of striatal dopamine re- 
uptake sites. The specific binding (= 
ratio minus 1) for the (+) enantiomer 
is, as expected, approximately twice 
as much as for the (+) racemic mix- 
ture (Table 2). 


Pathophysiology 


A most important finding from the 
data (Tables 2 and 3 and Fig 4) is that 
presynaptic dopaminergic function, as 
assessed by our tracer methods, in the 
putamen of patients with PD was on 
average 40% to 45% of control values. 

` This is in contrast to the reported de- 
` crease of endogenous dopamine con- 
centration down to 5% to 15% of con- 
trol values in postmortem tissue.!5153 
We postulate that dopaminergic nerve 
terminals are better preserved than 
endogenous dopamine. Supportive evi- 
dence comes from a study on postmor- 
tem PD brains“ using tritiated GBR 
12935 (1-[2-(diphenylmethoxy)ethyl]}- 
4-(3-phenyl-propy!)piperazine), which 
also binds to dopamine reuptake sites. 
These authors found GBR 12935 bind- 
ing in caudate nucleus and putamen 
that was 46% and 33% of control val- 
ues, respectively, that is in the same 
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range as the in vivo nomifensine values 
presented here (62% and 38%, Table 
2), whereas dopamine content was 
markedly decreased in the same areas 
(15% and 3% of control values, respec- 
tively). A recent study% reports that 
“the neuromelanin-pigmented sub- 
population of dopamine-containing 
mesencephalic neurons in PD” is se- 
lectively vulnerable with relative spar- 
ing of nonpigmented neurons. Other 
studies report that total nigral cell loss 
in postmortem PD brain varies be- 
tween 20% and 50% .**8 It seems likely, 
that the quoted postmortem investi- 
gations contain more progressive PD 
cases and so found a greater nigral cell 
loss than was probably present in the 
patients in our study. One postmortem 
investigation has suggested, that a 
50% threshold nigrostriatal degener- 
ation exists beyond which parkinso- 
nian symptoms may appear. On the 
basis of our tracer studies and the 
quoted reports it might be speculated 
that in PD those nigral cells that sub- 
serve endogenous striatal dopamine 
production (tyrosine hydroxylase and 
dopamine concentration), degenerate 
first and foremost, while a sufficient 
number of nigrostriatal nerve termi- 
nals are left to convert and store exog- 
enously administered levodopa. 

Tyrosine hydroxylase (TH) in cau- 
date nucleus and putamen in postmor- 
tem tissue from patients with PD was 
found to be approximately 17% and 
18%, respectively, in one study” (en- 
dogenous dopamine concentration be- 
ing 5%) and in another® 9% and 2%, 
respectively, compared with control 
subjects, although a later study re- 
vealed higher values (approximately 
50% ).ś! 

In human brain, levodopa decarbox- 
ylase is normally most active in puta- 
men and caudate nucleus.” Although 
AADC activity is markedly decreased 
in the striatum of PD patients,’ 
enough capacity is left to convert ex- 
ogenous levodopa into dopamine® as 
demonstrated here using the tracer 
(8F)-fluorodopa. In postmortem PD 
brains the activity of AADC was found 
to be approximately 88% of control 
values in caudate nucleus and 37% in 
putamen.“ These levels are strikingly 
similar to the 85% and 45% mean val- 
ues of specific (#F')-fluorodopa uptake 
presented in this article (Table 3). This 
latter result gives support to the view 
that specific (F)-fluorodopa uptake 
into striatal regions is determined by 
the prevailing capacity for levodopa 
decarboxylation, which, at least in 
putamen, is likely to reflect dopamin- 
ergic nerve terminal density. Several 
reports state that the bulk of newly 


formed dopamine from exogenous 
levodopa is produced and contained in 
striatal dopaminergic nerve 
terminals.“ in rat striatum, capillar- 
ies contain only a few percent of total 
brain levodopa decarboxylase and se- 
rotonergic nerve terminals and glia do 
not seem to show such activity at all.* 
After acute near-total destruction of 
nigrostriatal dopaminergic neurons in 
rat brain, 15% to 20% of initial decar- 
boxylase activity remained in inter- 
neurons or efferent neurons.® Animal 
studies show that, in normal brain, 
uptake of (C)-levodopa correlates 
well with endogenous dopamine 
content,” and that severe lesions that 
destroy most nigral cells result in 
markedly reduced uptake of the 
label.*+“ It may be that the pathologi- 
cal mechanisms leading to nigral cell 
death in PD are different from the ni- 
gral lesion after toxins like 6-OH- 
dopamine. An alternative explanation 
for the relatively high striatal (°F)- 
fluorodopa uptake in patients with PD, 
compared with the low or very-low en- 
dogenous dopamine concentrations 
found in postmortem studies, could be 
relatively increased tracer uptake in a 
small population of surviving striatal 
dopaminergic nerve terminals. In sev- 
eral animal experimental and PD post- 
mortem studies increased dopamine 
biosynthesisandturnoverhasbeendem- 
onstrated by higher concentrations of 
homovanillic acid (HVA) or 3,4-dihy- 
droxyphenylacetic acid (DOPAC) or 
cyvosine hydroxylase (TH) compared 
with endogenous dopamine concentra- 
tions.” Dopamine efflux from surviv- 
ing nerve terminals after nigrostriatal 
bundle damage in rats has been shown 
to be increased, and dopamine reup- 
take into the nerve terminals de- 
creased.” In another study, levodopa ac- 
cumulation was found to be increased 
relative to tritiated dopamine uptake 
(2.6- to 2.7-fold) in lesioned rat stria- 
tum, while a fivefold to sixfold greater 
dopamine release was demonstrated.* 
If an increased adaptive presynaptic 
dopaminergic turnover in the striatum 
of parkinsonian patients influences 
(°F )-fluorodopa uptake, this should, on 
the basis of above-mentioned studies, 
result in an accelerated loss of radio- 
label rather than the relatively high 
values obtained in our study. 

As reported in previous postmortem 
and in vivo studies,'***” our results 
show (Tables 2 and 3; Figs 4 and 5) that 
in the patients with PD the dopamin- 
ergic system is significantly less af- 
fected in caudate nucleus than in puta- 
men. The lateral portion of the sub- 
stantia nigra, subserving the putamen, 
shows a more severe dopaminergic cell 
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loss than the medial part that projects 
to the caudate (32.9% and 48.7%, re- 
spectively, compared with control 
values).” Endogenous dopamine con- 
centration in putamen and caudate is 
3% and 15% compared with control 
values,” whereas our specifie (!F)- 
fluorodopa uptake in these regions is 
45% and 85% of control values (Table 
3). Four of the nine patients show a K; 
value for (*F)-fluorodopa, which, in 
caudate nucleus, was more than twice 
the value measured in the putamen. It 
has been suggested that the dopamin- 
ergic nigrostriatal connections to the 
caudate subserve nonmotor, perhaps 
cognitive functions.’ 

Finally, as can be seen from Table 5, 
rCBF values were only mildly reduced 
compared. with contro} values. That 
perfusion of the brain in PD, if no fur- 
ther complicating factors like demen- 
tia are present, is only moderately and 
globally impaired has been shown on 
several occasions.” Here it serves to 
demonstrate that no focal impairment 
of tracer delivery was responsible for 
the measured reduction in tracer up- 
take. 


Clinical Considerations 


The side-to-side clinical score (rigid- 
ity and bradykinesia) differences in 
the patients with PD correlated sig- 
nificantly with corresponding side-to- 
side differences in putaminal uptake of 
both tracers (Fig 3). Thus, the clini- 
cally more affected body side was re- 
lated to more severely impaired con- 
tralateral putamen tracer uptake. It 
has been shown at postmortem exam- 
ination, that patients with PD of 
asymmetrical onset had a slightly 
greater neuronal loss in the substantia 
nigra contralateral to the initially af- 
fected body side.” In that study no dif- 
ferentiation between medial and lat- 
eral parts of the substantia nigra was 
made. No.correlation between caudate 
(8F)-fluorodopa uptake and clinical 
signs was apparent. This is compatible 
with the postulate that the putamen 
exerts a dominant role in motor 
control.” No clear correlation was 
found between patients when compar- 
ing clinical score and specific tracer 
uptake. This contrasts with a previous 
communication" where a clearcut in- 
terindividual correlation was found. 
The reason for this discrepancy may 
lie in the small interindividual differ- 
ences in clinical score of our patient 
group (all patients had a Hoehn-Yahr 
score of 2 or 3, except one who had a 
score of 4). Further, dopaminergic 
drug withdrawal was for one night 
only and patients may not have been at 
their worst when scored. Since mea- 
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surement variance is larger between 
individuals than within, a limited elin- 
jeal range may have precluded inter- 


. individual correlation. The previous K; 


values" were obtained from 1 to 3 
hours after (*F)-fluorodopa adminis- 
tration instead of 0.5 to 1.5 hours, as in 
this study. K; values estimated from 
this later time span probably reflect 
the capacity to retain (*F)-fluorodo- 
pamine and metabolites, rather than 
decarboxylation capacity. The better 
interindividual correlation obtained 
before" suggests that prolonged reten- 
tion of (#F)-fluorodopamine and its 
metabolites may reflect dopaminergic 
function and clinical state better than 
the conversion capacity cf levodopa to 
dopamine. That the capacity of the 
striatum to retain dopamine is an im- 
portant factor in the PD patient’s 
clinical response has been pointed out 
before. As the disease progresses 
the capacity of the striatum to re- 
tain ([*F]-fluoro)dopamine decreases,’ 
probably as a result of ongoing nigros- 
triatal neuronal degeneration. The 
presence of a sufficient pool of nerve 
terminals seems necessary for thera- 
peutically given levodopa to be con- 
verted into dopamine, retained tem- 
porarily in nerve terminals, and effi- 
ciently used. This might be a pre- 


- requisite for a smooth tierapeutic re- 


sponse. According to postmortem find- 
ings the 
dopamine receptors in parkinsonian 
brain is either normal or perhaps in- 
creased {under certain zircumstances 
like, eg, in early cases), but certainly 
not decreased.®” The fact that appar- 
ently in the putamen of moderately 
affected patients with PD 40% to 50% 
of dopaminergic nigrostriatal nerve 
terminals are present, while endoge- 
nous dopamine concentration is prob- 
ably only a few percents of normal 
values, provides new support for the 
search for protective drug treatment.” 
If, when a clinical diagnosis of PD is 
made, further cell degeneration can be 
prevented or slowed down, then effec- 
tive dopamine substitution therapy by 
levodopa, should contir-ue to be effec- 
tive. Longitudinal PET studies could 
further test this hypotaesis. 
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Stereotactic Biopsy of an Active Multiple Sclerosis Lesion 


Immunocytochemical Analysis and Neuropathologic Correlation With 
Magnetic Resonance Imaging 


Melinda L. Estes, MD; Richard A. Rudick, MD; Gene H. Barnett, MD; Richard M. Ransohoff, MD 


@ Stereotactic biopsy of an active mul- 
tiple sclerosis lesion in a 23-year-old pa- 
tient with unilateral symptoms and an iso- 
lated high-signal-intensity magnetic reso- 
nance abnormality yielded 10 serial tissue 
cores (1.0 X 0.5 cm) spanning 40 mm 
within and around the lesion. We per- 
formed semiquantitative analysis of lym- 
phocyte phenotype, using antisera to CD3, 
CD4, CD8, and CD22 molecules, in 11 
separate perivascular cuffs in three tissue 
sections from the lesion edge. Total cells 
in the cuffs varied from 10 to 100; ratios of 
CD4*/CD8* cells in individual cuffs varied 
from 1.3 to 4.7. Although intense paren- 
chymal infiltrates bordered the least cellu- 
lar cuffs, parenchymal and perivascular 
cell phenotypes were indistinguishable, 
arguing against selective trafficking of 
lymphocytes into tissue. Individual micro- 
foci of cells displaying CD45RA, CD25, 
and TQ1 antigens were present. The re- 
markable phenotypic heterogeneity of T 
lymphocytes in the multiple sclerosis le- 
sion border is consistent with exposure in 
situ to a diversity of differentiating stimuli. 
Histologic demyelination correlated very 
closely with the signal-intensity abnormal- 
ity observed on magnetic resonance im- 
aging. These studies provide unusual in- 
sight into the histologic and immunocy- 
tochemical morphologic appearance of 
the active multiple sclerosis plaque. 

(Arch Neurol. 1990;47:1299-1303) 
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Multiple sclerosis (MS) is a disease 

of the human central nervous sys- 
tem characterized pathologically by 
multifocal demyelination and infiltra- 
tion of inflammatory marrow-derived 
cells. The infiltrate is predominantly 
perivascular and consists of a mixed 
mononuclear cell population contain- 
ing lymphocytes and macrophages. 
Experimental autoimmune encephalo- 
myelitis is an induced autoimmune 
disease, which resembles MS both clin- 
ically and histologically.'? T lympho- 
cytes are necessary and sufficient for 
the development of experimental au- 
toimmune encephalomyelitis, as dem- 
onstrated by transfer studies.** Based 
on the similarity between MS and ex- 
perimental autoimmune encephalo- 
myelitis, it has been proposed that T 
lymphocytes might also be centrally 
involved in the pathogenesis of MS. 
Several investigations have addressed 
the phenotype of T lymphocytes in MS 
lesions identified at autopsy.** In these 
studies, the relative abundance of 
CD4* (helper/inducer) and CD8* (sup- 
pressor/cytotoxic) lymphocytes has 
been the primary target of inquiry, 
and conflicting results have been ob- 
tained. Disparate findings from immu- 
nocytochemical analysis of MS brain 
tissues obtained at autopsy may be due 
to technical factors, such as differ- 
ences in lesion sampling, tissue pres- 
ervation, antigen stability, and immu- 
nocytochemical technique, as well as 
heterogeneity of disease expression.” 
Therefore, the study of MS autopsy 
specimens imposes significant practi- 
cal obstacles to resolving contradic- 
tory results. Biopsy tissue derived 
from active MS lesions has not been 


readily available, since histologic di- 
agnosis is not required in the routine 
management of suspected MS. We re- 
cently diagnosed MS in a patient who 
underwent a biopsy of the brain for 
presumed brain tumor. Using this bi- 
opsy material, we evaluated the histo- 
logic and immunocytochemical mor- 
phologic findings of a chronic active 
MS plaque, and correlated the patho- 
logic observations to the lesion visual- 
ized by magnetic resonance imaging 
(MRI). 


MATERIALS AND METHODS 


Ten serial tissue cores (1.0 X 0.5 em) of 
white-tan tissue were obtained by stereo- 
tactic biopsy from an area spanning 40 mm 
within and around the lesion. A portion of 
each specimen was snap frozen in liquid ni- 
trogen for immunohistochemical analysis 
and the remaining material placed in Hol- 
lande’s fixative for paraffin embedding. 


Light Microscopy 


Paraffin sections were cut at 5 um, depar- 
affinized, and stained with hematoxylin- 
eosin or a modified Kluver-Barrera stain. 


Immunohistochemistry 


Immunohistochemical tests were per- 
formed on frozen sections using the avidin- 
biotin-complex technique!’ with minor 
modifications for frozen tissue. Sections 
were cut onto glass slides and dried in a 
60°C oven for 1 hour. Frozen-tissue sections 
were incubated in a methanol-hydrogen 
peroxide solution (6% hydrogen peroxide in 
absolute methanol) for 60 minutes to block 
endogenous peroxidases. The tissue was 
washed in modified phosphate-buffered sa- 
line and incubated with normal horse se- 
rum (20% ) (Gibco, Grand Island, NY) for 60 
minutes. Primary murine antibody was 
applied; the tissue was incubated for 30 
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Fig 1.—Sagittal T,-weighted magnetic resonance images. The illustration at right shows regions 
corresponding to the coordinates used for stereotactic biopsy. The biopsy specimens were obtained at con- 


secutive 5-mm intervals. 


minutes in a humidified chamber at room 
temperature and then washed in phos- 
phate-buffered saline before applying biot- 
inylated anti-mouse IgG (Vector, Burlin- 
game, Calif). The sections were incubated in 
preformed avidin-biotin complex (follow- 
ing kit instructions) (Elite, Vector) for 30 
minutes and washed with phosphate-buff- 
ered saline, with the color developed with 
3-amino-9-ethyl carbazole (AEC) (Isopac, 
Sigma Chemical Co, St Louis, Mo) for 10 
minutes. The tissue was counterstained 
with Meyer’s hematoxylin. Positive and 
negative controls were used for each anti- 
body. 

All immunostaining was performed on 
serially sectioned 8-um tissue sections. All 
tissue was saved, and each consecutive sec- 
tion was stained with a different primary 
antibody. 


Antibodies 


Antibodies for frozen immunohis- 
tochemical studies included the following: 
CD3 (Leu-4, Ortho, Raritan, NJ), CD4 (T4, 
Ortho), CD8 (T8, Ortho), CD22 (Leu-14, 
Becton Dickinson, Mountain View, Calif), 
CD25 (IL-2R, Ortho), CD45RA (2H4, Or- 
tho), and TQ1 (Ortho). The lymphocytes 
subset(s) that each antibody recognizes is 
summarized in Table 1. 


Semiquantitative Analysis of Labeled 
Cells 


Use of a Zeiss-Jena projecting micro- 
scope (CZ Scientific Instruments, 
Markham, Ontario) permitted unambigu- 
ous alignment of the serial immunostained 
sections. Each section was projected; the 
perivascular cuffs were identified and 
mapped. Eleven separate cuffs in three tis- 
sue sections from the lesion edge were 
examined. Immunostained cells in each cuff 
were counted by two separate observers 
(M.L.E. and R.M.R.) and the results ex- 
pressed as total number of immunostained 
cells per cuff. 
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Antigen 


Associated Cells/Functions 


Source 





CD3 All T lymphocytes 


Ortho, Raritan, NJ 





CD4 Helper/inducer T lymphocytes; 


some monocytes 


Ortho 





CD8 i Cytotoxic / suppressor T lymphocytes 


Ortho 





CD22 B lymphocytes 


Becton-Dickinson, Mountain 
View, Calif 





CD25 


Interleukin 2 receptor on 
T lymphocytes 


Ortho 





CD45RA 


Suppressor-inducer subset 


Ortho 


of CD4* T lymphocytes (2H4*) 





Subset of CD4* T lymphocytes; 
negative cells enriched for 





B-cell helper function 


REPORT OF A CASE 


A 23-year-old right-handed white woman 
experienced headache and blurred vision. 
Within several days she noted oscillopsia. 
Two weeks later, she experienced paresthe- 
sias of the left hand that rapidly general- 
ized to involve all four limbs. Ambulation 
became unsteady. 

Examination revealed counterclockwise 
rotatory nystagmus in the primary position 
of gaze and gaze-evoked upbeat nystagmus. 
Left superior quadrantanopsia was pre- 
sent. Motor tone was increased in the lower 
extremities and tandem gait was impaired. 
Vibration appreciation was decreased in 
the lower extremities. 

Findings from MRI revealed a single, 
deep, irregular, parietal lesion that was hy- 
podense on T,-weighted images and hyper- 
intense on T.-weighted images (Fig 1). Ste- 
reotactic biopsy of this presumed neoplas- 
tic lesion was performed. Subsequent 
cerebrospinal fluid analysis disclosed in- 
creased IgG synthesis with an otherwise 
normal cerebrospinal fluid formula. Pat- 
tern evoked visual potentials and auditory 
evoked potentials were normal. 

Her symptoms improved markedly dur- 


Ortho 


ing a 3-week course of corticosteroids, and, 
after therapy, the neurological examina- 
tion showed normal results. Two months 
later, headache and right inferior quadrant- 
anopsia developed, which resolved without 
treatment. 

Four months later, she reported diplopia 
and dizziness, and new lesions were ob- 
served on MRI examination. Her symptoms 
improved after 4 weeks’ treatment with 
corticosteroids. Two months later, cere- 
brospinal fluid examination, including IgG 
synthesis and oligoclonal bands, showed 
normal findings. 


RESULTS 
Pathology 


Biopsy coordinates were obtained 
from the center of the lesion (90.6, 85.6, 
and 80.6), lesion edge (75.6, 70.6, and 
65.6), and outside the lesion (60.6, 55.6, 
50.6, and 45.6) (Fig 1, right). The histo- 
pathologic characteristics of each of 
these locations were correlated with 
the lesion visualized on MRI. At the 
lesion center, no intact myelin was 
present. Normal white matter was re- 
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tion of the lesion center. No intact myelin is present. Numerous gitter 
cells can be identified (original magnification X200). 











Table 2.—Lymphocyte Subsets in a Chronic Active Multiple Sclerosis Lesion 


No. of Positive Cells per Cuff * 


eosin-stained section of the lesion edge, demonstrating abrupt loss of 
myelin. Gitter cells can be seen admixed with reactive astrocytes (orig- 


inal magnification X200). 



























































* ND indicates not done. 


placed by sheets of macrophages ad- 
mixed with reactive astrocytes (Fig 2). 
The coordinates obtained from the le- 
sion edge demonstrated a sharp border 
between the demyelinated area and 
the surrounding brain (Fig 3). Reac- 
tive astrocytes and parenchymal in- 
flammatory cells extended from the 
lesion edge into the surrounding brain. 
Numerous perivascular cuffs contain- 
ing a mixture of lymphocytes and his- 
tiocytes were seen at this interface. 
The biopsy specimen from stereotactic 
coordinates outside the lesion con- 
tained normal brain tissue with a sin- 
gle perivascular cuff. 


Immunohistochemistry 


Eleven separate cuffs visualized in 
tissue obtained from the lesion edge 
were examined (Table 2). The total 
number of cells in the cuffs varied from 
10 to 100. All cuffs contained cells with 
positive staining for the lymphocyte 
antigens CD3, CD4, and CD8 (Fig 4, top 
left and right and center left). The ra- 
tio of CD4*/CD8* cells in individual 
cuffs varied from 1.3 to 4.7. Intense pa- 
renchymal infiltrates bordered the 
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Lymphocyte ere fe ee ee 
Antigen D-1 D-2 D-3 D-4 L-1 L-2 L-3 L-4 E-1 E2 E-3 
CD4 65 52 90 24 8 6 10 7 27 25 
cD8 27 11 36 10 4 2 3 2 
CD4/CD8 2.7 4.7 2.5 2.4 2 3 3.3 3. 
75 89 98 25 8 7 19 2 
6 o o o ie} 0 o fe) 
1 44 te) o (0 0 ie) o 
ie) ie} te) 0 0 ie} ie) [0] 
(0 o ie} o 3 o o o 











least cellular cuffs; however, the pa- 
renchymal and perivascular cell phe- 
notypes were similar, with both CD8+ 
and CD4* cells present within the pa- 
renchyma (Fig 5). 

Individual microfoci of cells display- 
ing positive staining for the lympho- 
cyte antigens CD45RA, TQ1, and CD25 
were present (Fig 4, center right and 
bottom left and right). No cells with 
positive immunoreactivity for antigen 
CD22 were visualized, despite positive 
staining of appropriate control tissue. 


COMMENT 


We used stereotactic biopsy speci- 
mens to study two features of the 
active MS lesion: correlation of histo- 
pathologic findings with MRI findings, 
and immunocytochemical analysis of 
T-lymphocyte phenotype in vivo in the 
brain of a patient with MS. The lesion 
that we studied demonstrated a sharp 
zone of demyelination, with astrocyto- 
sis at the lesion edge and macrophage 
and astrocyte proliferation within the 
lesion center. Thus, this lesion con- 
forms to criteria proposed by Traugott 


et al”? for a chronic active plaque. The 
abnormality seen on MRI in this case 
was hyperintense on T,-weighted im- 
ages and hypodense on T,-weighted 
images. We found that the lesion as 
visualized by MRI correlated very 
closely with histologic demyelination, 
rather than with edema or hypercellu- 
larity, reflecting the increased water 
content within the zone of demyelina- 
tion. The signal abnormality was re- 
stricted to these histologically demy- 
elinated zones. Perivascular lympho- 
cytic cuffs were observed in adjacent 
histologically normal brain; even 
though an abnormality of the blood- 
brain barrier might be expected in this 
region, no changes were seen on MRI. 

We performed semiquantitative 
analysis of T-lymphocyte phenotype in 
11 perivascular cuffs from the lesion 
edge. Cuffs were selected from three 
separate tissue cores, each 1 X 3 mm. 
Lymphocytes immunostained with an- 
tisera to CD38, CD4, and CD8 were 
present in all cuffs examined. The ra- 
tio of CD4*/CD8* cells in individual 
cuffs varied from 1.3 to 4.7, in good 
agreement with several autopsy stud- 
ies. The cellularity of individual cuffs 
varied markedly, from 10 to 100 cells 
per cuff. Parenchymal mononuclear 
infiltrates bordered the least cellular 
cuffs. Within brain parenchyma, lym- 
phocytes immunostained with CD4 
and CD8 antisera were equally abun- 
dant, arguing against selective traf- 
ficking into tissue on the basis of CD4 
or CD8 expression. 

We observed individual microfoci of 
cells expressing a variety of differen- 
tiation- and activation-related anti- 
gens. These include CD45RA (2H4), 
TQ1, and CD25 (interleukin 2 recep- 
tor). None of these were observed in 
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Fig 4.—Top left, Cuff D-2. A section containing lymphocytes stained with anti-CD3 murine monoclonal antibody (original mag- 
nification X400). Top right, Cuff D-1. The section is stained with anti-CD4 murine monoclonal antibody (original magnification 
X400). Center left, Cuff D-1. The section is stained with anti-CD8 murine monoclonal antibody (original magnification X400). 
Center right, Cuff D-1, showing cells immunostained for a CD45RA epitope (original magnification X400). Bottom left, Section 
containing cuff D-2; immunostained cells display a TQ1 epitope (origina! magnification X400). Bottom right, Section containing 
cerebral parenchyma near cuff L-1, demonstrating two lymphocytes expressing a CD25 (interleukin 2 receptor) epitope (original 
magnification X400). 


Fig. 5—Left, Section from the lesion edge (stereotactic coordinate 75.6) showing both perivascular and parenchymal mononu- 
clear cells expressing a CD4 epitope (original magnification X200). Right, Section from the lesion edge (stereotactic coordinate 
75.6) demonstrating lymphocytes expressing CD8 within the parenchyma (original magnification X200). 





more than one cuff; however, the pres- 
ence of unstained cells in adjacent 
cuffs within the same tissue section 
provided an appropriate negative con- 
trol and indicated that the staining 
was not artifactual. It seems likely 
that the occurrence of these microfoci, 
which have not previously been de- 
scribed in the brains of subjects with 
MS, resulted from exposure of lympho- 
cytes in situ to a variety of differenti- 
ating and activating stimuli. The de- 
tection of T lymphocytes expressing 
TQl1 may be of particular interest, 
since such cells have not been reported 
previously in the brains of humans. It 
is likely that TQ1* cells detected in cuff 
D2 are predominantly CD4*, since this 
cuff exhibited the highest proportion 
of CD4* cells (82%) of any cuff exam- 
ined (Table 2). The TQ1*/CD4* popu- 
lation is enriched for suppressor/in- 
ducer function, independent of 2H4 
expression.'*'* Sobel and coworkers" 
showed that CD4*/2H4+ lymphocytes 
are underrepresented in MS inflam- 
matory infiltrates, compared with in- 
filtrates observed in cases of viral en- 
cephalitis. We observed only one small 
aggregate of CD4*/2H4* cells, consis- 
tent with the low abundance of this cell 
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type in the MS lesions described by 
Sobel et al.’ Our findings raise the 
possibility that CD4*/TQ1* lympho- 
cytes exert important immunoregula- 
tory influences in MS, and the role of 
the CD4*/TQ1* population in MS mer- 
its further investigation. 

Recently, Camerini and coworkers'* 
reported complementary DNA se- 
quence data strongly suggesting that 
TQ1 is the human homologue of the 
murine lymph node homing receptor 
Mel-14. It remains to be established if 
TQ1 expression plays a role in lympho- 
cyte-endothelial cell interaction. How- 
ever, in view of our observations, it is 
tempting to speculate that TQ1 expres- 
sion may be implicated in accumula- 
tion of some T lymphocytes in sites of 
intrathecal inflammation. 

In studies of autopsy specimens, Ha- 
yashi and coworkers,” Booss et al,'* 
and McCallum et al’ described pre- 
dominantly CD8* lymphocytes in both 
perivascular and parenchymal com- 
partments of MS lesions, while 
Traugott and coworkers” provided ev- 
idence that CD4* cells predominate in 
parenchyma. Our results cannot be 
compared directly with these previous 
observations, because the lesion in the 
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current study was identified as an MRI 
abnormality, rather than by appear- 
ance at autopsy. Observations re- 
ported here are of interest because 
they provide the first immunocy- 
tochemical characterization of a lesion 
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study and shed light on histologic/ 
MRI correlations in MS. The results 
indicate that both CD4* and CD8+ 
lymphocytes were present in this ac- 
tive MS lesion and demonstrate a re- 
markable degree of heterogeneity of 
lymphocytic surface markers within a 
single lesion. We anticipate that per- 
forming a biopsy on active MS lesions 
will continue to be an infrequent oc- 
currence. However, our findings indi- 
cate that stereotactic biopsy speci- 
mens can be used to investigate immu- 
nocytochemical and morphologic 
aspects of MS. 
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White Matter Hyperintensities in Dementia of 
Alzheimer’s Type and in Healthy Subjects Without 
Cerebrovascular Risk Factors 


A Magnetic Resonance Imaging Study 


Walter E. Kozachuk, MD; Charles DeCarli, MD; Mark B. Schapiro, MD; 
Elizabeth E. Wagner; Stanley I. Rapoport, MD; Barry Horwitz, PhD 


@ T.-weighted (0.5 T) magnetic reso- 
nance images were used to study the 
prevalence of subcortical white matter hy- 
perintensities (WMHIs) in 22 patients with 
dementia of Alzheimer’s type (DAT), 20 
age-matched older healthy control sub- 
jects, and 10 younger healthy control sub- 
jects. Exclusionary criteria for all groups 
included cerebrovascular risk factors. All 
subjects had Hachinski Ischemic Index 
scores of less than 2 and computed 
tomographic scans showing no infarct. 
The WMHIs were classified as periventric- 
ular WMHIs or deep WMHs and graded O 
through 3 (O indicated absent, and 3, 
severe). For the group with DAT and older 
control subjects, periventricular WMHIs 
and deep WMHIs were graded 2 or 3 in 
fewer than 17% and 27% of subjects, 
respectively, whereas in the younger con- 
trol subjects, all ratings were grade 1 or 
less. Serum cholesterol and systolic blood 
pressure values, although within the nor- 
mal range, were elevated significantly in 


N curopathological studies have 

demonstrated reduced white mat- 
ter volume! and perivascular dila- 
tation? in brains of elderly healthy 
control subjects, while an increase in 
the water content of myelin, partial 
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older control subjects when compared 
with those in younger control subjects. No 
significant differences in WMHI ratings, 
blood pressure, cholesterol, or triglycer- 
ide levels were found between patients 
with DAT and age-matched control sub- 
jects. Systolic blood pressure levels cor- 
related with the severity of periventricular 
WMHIs only in older control subjects. Age 
correlated with periventricular WMHIs and 
deep WMHs within both the older control 
subjects and the patients with DAT. There 
was no significant correlation between 
WMHs and the severity of dementia in the 
group with DAT. These results suggest 
that, in subjects screened for cerebrovas- 
cular risk factors, WMHIs are rare and oc- 
cur with identical frequency in patients 
with DAT as in age-matched healthy con- 
trol subjects. Furthermore, cognitive de- 
cline does not correlate with the severity 
of WMHIs in patients with DAT without 
cerebrovascular risk factors. 
(Arch Neurol. 1990;47:1306-1310) 


demyelination with mild axonal loss, 
and mild reactive gliosis have been re- 
ported for patients with Alzheimer’s 
disease.’ Moreover, in patients with 
Alzheimer’s disease, selective white 
matter atrophy, myelin pallor, and 
gliosis may occur before cortical 
atrophy.‘ This evidence suggests that 
changes in white matter occur as part 
of the aging and Alzheimer’s disease 
processes. 

Magnetic resonance imaging (MRI) 
has been used to examine changes in 
cerebral white matter related to aging, 


cerebrovascular risk factors, and 
dementia of the Alzheimer’s type 
(DAT). Retrospective studies have 
found white matter hyperintensities 
(WMHIs) on MRI scans in 30% to 80% 
of randomly selected individuals older 
than 60 years of age. The WMHIs 
are, however, rare in healthy individu- 
als younger than 50 years," and 
their prevalence and severity increase 
with age,***'? in the presence of cere- 
brovascular risk factors®*'*!> and vas- 
cular dementias. Although WMHIs 
occur in the absence of known cere- 
brovascular risk factors,‘® they may 
be absent in subjects with cerebrovas- 
cular risk factors®” and in healthy, 
very old subjects.**!? Furthermore, 
postmortem neuropathological exami- 
nations of brain regions seen as 
WMHIs on MRI scans do not necessar- 
ily reveal abnormalities of brain mat- 
ter, and neuropathological findings 
range from no lesion,” to areas of in- 
complete white matter infarction” or 
perivascular gliosis and atrophy with- 
out tissue necrosis.” 

The relationship between the preva- 
lence and severity of WMHIs and cog- 
nitive impairment also is not clear. 
Reports regarding an increased preva- 
lence of WMHIs in DAT’?! have not 
been confirmed.”*!**> However, previ- 
ous MRI studies on the prevalence of 
WMHIs in DAT failed to prospectively 
exclude subjects with cerebrovascular 
risk factors, did not correlate cognitive 
function with WMHIs, or neglected to 
include healthy age-matched control 
subjects. We examined young and old 
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healthy control groups and patients 
with DAT to determine the prevalence 
and severity of WMHIs in control sub- 
jects and patients with no major cere- 
brovascular risk factors. 


SUBJECTS AND METHODS 
Subjects 


The group with DAT included 22 patients 
(18 men and 4 women; mean age + SD, 
66 + 8 years) with the clinical diagnosis of 
probable DAT, using National Institute of 
Neurological and Communicative Disor- 
ders and Stroke-Alzheimer’s Disease and 
Related Diseases Association criteria.” 
Medical exclusions included the cere- 
brovascular risk factors, ie, hypertension, 
cardiovascular disease, transient ischemic 
attack or stroke, diabetes or glucose intol- 
erance, and hyperlipidemia; as well as psy- 
chiatric disease; metabolic disease; head 
trauma with loss of consciousness; or syn- 
cope. No patient required treatment with 
short-term or long-term medication. Two 
male patients with DAT had severe leu- 
koencephalopathy identified on noncon- 
trast computed tomographic scans of the 
head by an independent radiologist. 

The results of medical examinations were 
normal in all patients. Other than cognitive 
deficits, the result of neurological examina- 
tion was normal in all patients with DAT. 
Folstein Mini-Mental State” and Hachin- 
ski Ischemic Index scores” were obtained 
for each patient. The Mini-Mental State 
score ranged between 4 and 26 (maxi- 
mum = 30) (mean + SD, 16.3 + 7.0) in the 
group with DAT, indicating that the DAT 
group included patients with all levels of 
dementia severity. Laboratory studies in- 
cluded serum chemistry testing, a complete 
blood cell count, and differential cell count; 
SMA-20, vitamin B,,, folic acid, cholesterol, 
and triglyceride levels; serologic examina- 
tion for syphilis; human immunodeficiency 
virus antibody detection; and urinalysis. An 
electrocardiogram, electroencephalogram, 
chest roentgenogram, and computed tomo- 
graphic scan of the head without contrast 
also were obtained. Patients with abnormal 
results revealed by screening chemistry 
tests, electroencephalography, or computed 
tomographic scanning of the head (the lat- 
ter showing abnormalities other than leu- 
ko-araiosis) were excluded. 

Thirty healthy control subjects were 
grouped as younger subjects or older sub- 
jects age-matched to the patients with 
DAT. The young group included 10 subjects 
(seven men and three women) younger than 
45 years of age (mean age, 29 + 6 years), 
and the older group included 20 subjects (11 
men and nine women) older than 45 years of 
age (mean age, 72 + 12 years). The rigorous 
health screening criteria were the same as 
for the patients with DAT. Each subject 
received a complete medical and neurolog- 
ical examination and was rated using the 
Mini-Mental State scores and the Hachin- 
ski Ischemic Index. Screening labora- 
tory tests were the same as for the patients 


` with DAT, and all healthy control subjects 


had normal values of all screening test re- 
sults. 
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The MRI studies of the brain were per- 
formed on a 0.5-T system (Picker Interna- 
tional, Highland Heights, Ohio). Using a 
T.-weighted spin-echo pulse sequence 
(TR = 2000 milliseconds, TE = 80 millisec- 
onds), 15 nonoverlapping contiguous sec- 
tions 7 mm thick were obtained in the 
transverse axial plane. 


White Matter Ratings 


The MRI scans were analyzed indepen- 
dently by two neurologists (W.E.K. and 
C.D.) blinded to subject group and age. Us- 
ing a standard four-point rating scale 
adopted from Fazekas et al,” each MRI scan 
was assessed for the presence and extent of 
WMHIs as follows: grade 0, periventricular 
WMHIs (PWMHIs) absent; grade 1, frontal 
or occipital caps or pencil thin lining of the 
lateral ventricle; grade 2, smooth halo sur- 
rounding the lateral ventricles; and grade 3, 
irregular PWMHIs extending into the deep 
white matter. Deep WMHIs (DWMHIs) 
were graded as follows: grade 0, absent; 1, 
punctate foci either focal or symmetrical; 2, 
mild confluence of foci; and 3, large conflu- 
ence of foci. 


Statistics 


The Wilcoxon Sign-Rank Test” was used 
to test mean group differences, with correc- 
tion for two comparisons, between young 
and age-matched control subjects, and be- 
tween patients with DAT and age-matched 
control subjects for the PWMHIs and 
DWMHIs. Student’s t tests, with Bonfer- 
roni correction” for two comparisons, were 
performed on the same groups for the fol- 
lowing variables: age; Mini-Mental State 
scores; and the levels of serum cholesterol, 
serum triglyceride, serum glucose, and sys- 
tolic and diastolic blood pressures. Spear- 
man correlation coefficients” between 
PWMHIs, DWMHIs, Mini-Mental State 
scores, and cerebrovascular risk factors 
were calculated separately for the old con- 
trol subjects and the DAT group. To assess 
interrater reliability, the x statistic was 
used. 


RESULTS 
Interrater Reliability 


The WMHI scores differed between 
the two raters in only 10 of 104 ratings. 
The difference was never greater than 
one grading level. When the ratings 
differed between observers, an average 
of the two values was used. The values 
of the « statistic,*° used to assess in- 
terrater reliability, were high for 
both PWMHIs (x = .80, P < .01) and 
DWMHIs (x = .64, P < .01). 


WMHI RATINGS 


The WMHIs of grades 1, 2, and 3 are 
illustrated in Fig 1. Figure 2 shows the 
percent of subcortical WMHIs in the 
young and old control subjects and in 
the patients with DAT. In the young 
control subjects, 80% of scans were 
rated as grade 0 for both PWMHIs and 
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DWMHIs. No subject had a rating 
greater than 1. For the old control 
group, the PWMHIs and DWMHIs 
were rated as grade 1 or less in 90% 
and 80%, respectively. One older con- 
trol subject each had a PWMHI/ 
DWMHI rating of 2/2 and 2/3, while 
two older control subjects had a rating 
of 1/2. No control subject had severe 
leuko-araiosis found on the computed 
tomograms. 

In the DAT group, 83% of the rat- 
ings were grade 1 or less for PWMHIs, 
whereas 73% were grade 1.5 or less for 
DWMHIs. Three patients with DAT 
had a PWMHI/DWMHI rating of 3/3, 
including the two with severe leuko- 
araiosis found on computed tomo- 
grams. One patient with DAT had a 
rating of 2/2, and two had a rating of 
1/2. 

Mean ratings of PWMHIs and 
DWMHIs (Table 1) for the older con- 
trol subjects were significantly greater 
(P < .002) than those for the younger 
control subjects. Mean ratings for 
PWMHIs and DWMHIs in the DAT 
group were not statistically different 
(P > .05) from those for the older con- 
trol subjects. 


Cerebrovascular Risk Factors 


Table 1 lists mean values for cere- 
brovascular risk factors of the subject 
groups. Significant differences (P 
<.05), after correction for multiple 
comparisons, were noted in random 
serum cholesterol levels and systolic 
blood pressures between the young and 
old control groups, and in random se- 
rum glucose levels between the pa- 
tients with DAT and the older control 
subjects. Nonfasting cholesterol levels 
were greater than 240 mg/dL in six 
patients with DAT and in three age- 
matched control subjects at the time of 
MRI scanning. Follow-up cholesterol 
levels were within normal limits. No 
significant difference (P > .05) in mean 
values of blood pressure, cholesterol, 
and triglycerides was found between 
patients with DAT and the older con- 
trol subjects. 

Spearman correlation coefficients 
between the cerebrovascular risk fac- 
tors and PWMHIs and DWMHIs for 
older control subjects and patients 
with DAT are given in Table 2. Corre- 
lations were not obtained for the 
younger subjects, as only two subjects 
had PWMHI or DWMHI ratings other 
than 0. 

Age was correlated with PWMHIs 
and DWMHIsin both the older control 
and the DAT groups (P< .01). The 
PWMHI ratings correlated signifi- 
cantly (P < .001) with DWMHI ratings 
for both the DAT and older control 
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Fig 1.—Examples of grades 1, 2, and 3 periventricular white matter hyperintensities (PWMHIs) 
(left) and deep white matter hyperintensities (DWMHIs) (right) on T,-weighted magnetic resonance 


images. 


Fig 2.—Percent subcortical periventricular white matter hyperintensity (PWMHI) and deep white matter hyperintensity (DWMHI) 





groups. Within the DAT group, Mini- 
Mental State scores were not signifi- 
cantly correlated with either periven- 
tricular or deep WMHI ratings. In the 
older contro] subjects, but not in the 
patients with DAT, a significant cor- 


relation (P <.05) was observed be- ¢ 


tween systolic blood pressure and 
PWMHIs. The mean systolic blood 
pressure for older control subjects 
rated as grade 0 (for both PWMHIs 
and DWMHIs) was 128 mm Hg, where- 
as in older control subjects rated grade 
1 and grades 2 or 3, the mean systolic 
pressures were 132 mm Hg and 145mm 
Hg, respectively. Systolic blood pres- 
sure did not correlate with age in the 
older control group. No measure of 
blood pressure correlated with either 
PWMHIs or DWMHIs within the DAT 
group. Furthermore, there were no 
significant correlations between the 
levels of serum glucose, cholesterol, or 
triglyceride and WMHIs within the 
older control and DAT groups. 


COMMENT 


In healthy control subjects and 
patients with DAT prospectively 
screened for cerebrovascular risk fac- 
tors, we found a low prevalence of 
grades 2 and 3 WMHIs on MRI scans. 
Although there was a statistically sig- 
nificant age difference in the preva- 
lence of WMHIs for the healthy con- 
trol subjects, the difference was due to 
a shift from a mean rating of near 
grade 0 in the younger subjects to a 
mean rating of near grade 1 in the 
older subjects. Four of 20 older control 
subjects and six of 22 patients with 
DAT had either PWMHI or DWMHI 
(or both) scores of 2 or 3, including two 
DAT patients with severe leuko-araio- 
sis found on computed tomograms. 
Because there was no statistically sig- 
nificant difference between patients 


scores in healthy control subjects younger than 45 years of age (left), in healthy control subjects older than 45 years of age 


(center), and in patients with dementia of the Alzheimer’s type (right). 
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Table 1.—Summary of Mini-Mental State Score, Cerebrovascular Risk Factor 
Parameters, and White Matter Hyperintensities (WMHIs) in the Three Study Groups* 


Control Subjects 
Ara 


Younger 
Than 45 y 
(n = 10) 


Older 
Than 45 y 
(n = 20) 


Patients With Dementia 
of Alzheimer’s Type 
(n = 22) 





Age, y 28.7 + 6.0 


72.1 12.1t 





Mini-Mental State score 29.9 + 0.4 


29.8 + 0.4 





Serum cholesterol, mg/dL 172 + 36 


214 + 45¢ 





Serum triglyceride, mg/dL 148 + 86 
Serum glucose, mg/dL 86 








I+ | UE JI fT 





Blood pressure, mm Hg 
Systolic 
Diastolic 








l+ | bt 


78 





WMHIs 
Periventricular 


1.25 + 0.78 





Deep 
*Values are mean + SD. 





0.98 + 1.11 





tMean values significantly different from those in younger control group, P < .01. 
Mean values significantly different from those in younger control group, P < .05. 
§Mean values significantly different from those in older control group, P < .01. 
\|Mean values significantly different from those in older control group, P < .05. 


Table 2.—Spearman Correlation Coefficients of Cerebrovascular Risk Factor 
Parameters and White Matter Hyperintensity (WMHI) Scores for Older Control Subjects 
and Patients With Dementia of Alzheimer’s Type (DAT) 


Older Control 


Subjects Patients With DAT 





Age vs WMHIs 
Periventricular 





Deep 





Age vs blood pressure 
Systolic 





Diastolic 





Periventricular WMHIs vs deep WMHIs 








Systolic blood pressure vs WMHIs 
Periventricular 








Deep 








Diastolic blood pressure vs WMHIs 
Periventricular 





Deep 





Mini-Mental State scores vs WMHIs 
Periventricular 





Deep 





Serum cholesterol vs WMHIs 
Periventricular 





Deep 








Serum triglyceride vs WMHis 
Periventricular 





Deep 





Serum glucose vs WMHIs 
Periventricular 





Deep 





* Correlation coefficient significantly different from 0, P < .01. 
tCorrelation coefficient significantly different from 0, P < .05. 


with DAT and older healthy control 
subjects, our study also showed that 
the cognitive impairment of DAT, in 
patients in whom cerebrovascular risk 
factors are absent, is not associated 
with an increased prevalence or sever- 
ity of WMHIs. 

The relationship between known 
cerebrovascular risk factors and the 
frequency and severity of white matter 
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changes found with use of MRI re- 
mains unclear, however. Although a 
significant elevation of serum choles- 
terol level was observed in the older, 
when compared with the younger, con- 
trol subjects, and an elevation of se- 
rum glucose for the DAT group when 
compared with the older control sub- 
jects, there was no correlation between 
these risk factors and the severity of 
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either PWMHIs or DWMHIs within 
the individual groups. Systolic blood 
pressure level was, however, signifi- 
cantly higher in the older control sub- 
jects and did correlate with PWMHIs 
within the older control group, suggest- 
ing that increased systolic blood pres- 
sure, and possibly the increased serum 
cholesterol level, in the older control 
subjects contributed to the shift to the 
predominantly grade 1 rating. 

The correlation of PWMHIs with 
normal-range systolic blood pressure 
within the group of healthy older sub- 
jects, but not in patients with DAT, 
suggests that WMHIs also may have 
multiple causes. For example, in pa- 
tients with DAT, WMHIs may be re- 
lated to the presence and severity of 
cerebral amyloid angiopathy.*'? The 
possible contribution of elevated sys- 
tolic blood pressure and serum choles- 
terol to a higher prevalence of grade 1 
ratings in the older compared with the 
younger control subjects, and the lack 
of such relationships in patients with 
DAT, requires further evaluation. 

Hyperintensities observed on T,- 
weighted MRI scans are thought to re- 
flect increased water content in white 
matter.” Grade 1 ratings of PWMHIs 
and DWMHIs are thought not to rep- 
resent pathological changes, but to re- 
flect normal aging processes.‘ In nor- 
mal aging, PWMHI capping corre- 
sponds histologically to a low myelin 
content, focal ependymal degenera- 
tion, and convergence of interstitial 
fluid flow at the frontal horn.* In 
patients with cerebrovascular risk fac- 
tors, PWMHI ratings of grade 2 have 
been found to correspond with sub- 
ependymal gliosis, whereas grade 2 
and grade 3 ratings of DWMHIs have 
revealed either incomplete white mat- 
ter infarction? or enlarged perivascu- 
lar spaces.” The DWMHIs are located 
predominantly in the watershed areas 
of arterial perfusion.'*** Because sub- 
cortical white matter has less capacity 
to autoregulate blood flow when com- 
pared with the cortex,** asymptomatic 
cerebrovascular disease may alter ar- 
terial perfusion pressure and, thereby, 
increase the vulnerability of white 
matter to occult ischemia. 

Other possible causative factors for 
WMHIs in DAT and normal aging in- 
clude age-related increases of water 
content in brain,” incomplete infarc- 
tion from intermittent hypoten- 
sion,? perivascular gliosis and mye- 
lin atrophy,” subependymal gliosis,” 
senescent myelin,” or an ischemic 
effect of amyloid angiopathy.*!*? Path- 
ological correlates of MRI findings re- 
main unknown either in patients with 
DAT or in healthy control subjects 
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who have been prospectively screened 
to exclude cerebrovascular risk fac- 
tors, but our results suggest that grade 
2 and grade 3 WMHIs are uncommon 
in subjects without cerebrovascular 
risk factors and support a pathological 
role for these grades of WMHIs. 

The prevalence of WMHIs in pa- 
tients with DAT and healthy subjects 
in our study was significantly lower 
than the 30% to 80% prevalence pre- 
viously reported,~'? presumably be- 
cause we excluded subjects with cere- 
brovascular risk factors. Our results 
agree with those in previous reports 
that although WMHIs are rare in 
healthy subjects younger than 50 years 
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of age, "™+ the severity of WMHIs 
increases slightly with age.''*! Our 
study also suggests a correlation be- 
tween the frequency and severity of 
PWMHIs and higher systolic blood 
pressure even when these measures 
are within the range of nor- 
mal for older subjects. However, we 
fail to confirm previous reports that 
PWMHIs may be pathognomonic to 
the DAT process” or that DWMHIs 
correlate with the degree of cognitive 
dysfunction in DAT.” 

We conclude that in the absence of 
cerebrovascular risk factors, the pre- 
valence of grade 2 and grade 3 WMHIs 
is low and occurs with similar frequen- 
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Tuberculous Meningitis 


Short Course of Chemotherapy 


Fernando Alarcon, MD; Luis Escalante, MD; Yanira Pérez, MD; 
Hector Banda, MD; Gonzalo Chacon, MD; Gonzalo Duefias, MD 


@ In March 1986, we began a 6-month 
short course trial of therapy for tubercu- 
lous meningitis, in which 28 patients were 
analyzed. The diagnosis was based on the 
following cerebrospinal fluid test results: 
in 53.5% of the cases, Mycobacterium tu- 
berculosis was identified by direct smear; 
in 57%, culture in L6wenstein-Jensen me- 
dium was positive; in 83.3%, the detection 
of anti-bacille Calmette-Guérin (BCG) anti- 
bodies by enzyme-linked immunosorbent 
assay was positive; and in 74%, the dosi- 
fication of adenosine deaminase activity 
was positive. In addition, in 21.4% of the 
cases, the diagnosis was established by 
means of autopsy findings. Moreover, the 
diagnosis was supported by bacteriologi- 
cal analyses from another tissue or body 
fluids. Despite the administration of an 
antituberculous therapy, 32.4% of the pa- 
tients died: all of the deceased had reached 
the last stage of the disease by the begin- 
ning of treatment. Sixteen percent of the 
patients who survived after more than 18 
months of follow-up after therapy had ended 
suffered neurological sequelae. With the 
6-month therapeutic regimen, the morbidi- 
ty/mortality is similar to that found in the 
longer-course therapies. The latter regimen 
is therefore thought to be a good and ac- 
ceptable therapeutic option for the treat- 
ment of tuberculous meningitis. 

(Arch Neurol. 1990;47:1313-1317) 


he most severe form of tuberculosis 

is that involving the central ner- 
vous system. Meningitis is the most 
common type of neurotuberculosis.! In 
developing countries such as Ecuador, 
where tuberculous meningitis is the 
most frequent form of central nervous 
system infection,’ it constitutes a re- 
curring problem. 

The most important advance over 
the last few years with respect to 
tuberculosis has been its treatment.’ 
The short course of chemotherapy for 
tuberculosis using rifampin, pyrazina- 
mide, and isoniazid’ has been sug- 
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gested for tuberculous meningitis.** 
Unacceptable adverse effects have not 
been observed with this therapeutic 
scheme.’ 

The purpose of this article is to 
review the clinical and therapeutic 
characteristics of the short course of 
treatment in 28 cases of tuberculous 
meningitis seen in the Department of 
Neurology of the Eugenio Espejo Hos- 
pital, Quito, Ecuador. 


PATIENTS AND METHODS 


Between March 1986 and January 1989, 45 
patients with a diagnosis of tuberculous 
meningitis were admitted to our neurology 
department. A neurologist reviewed the 
questionnaire responses and examined all 
the patients. Twenty-eight patients com- 
pleted the standard protocol. The diagnosis 
was established by analysis of the cere- 
brospinal fluid, including a differential cell 
count; protein and glucose levels; acid-fast 
bacilli, test culture in Léwenstein-Jensen 
medium; immunobiological study by en- 
zyme-linked immunosorbent assay for 
detecting anti-bacille Calmette-Guérin 
(BCG) antibodies*; and the dosification of 
adenosine deaminase activity.’ The cere- 
brospinal fluid formula was carried out at 
the beginning of treatment, 48 hours later, 
and 15, 30, 60, 90, 180, 360, and 720 days af- 
ter initiating the treatment. In all patients, 
the history and contact with known cases of 
tuberculosis were evaluated, and the fol- 
lowing tests were performed: chest roent- 
genogram, Mantoux test, and cranial com- 
puted tomographic scan. Bacteriological 
analyses of sputum, gastric aspirate, and 
urine were also performed. One patient had 
a lymph node biopsy done, and another pa- 
tient had a culture performed on material 
obtained from a draining perirenal abscess. 

All the patients were evaluated at the 
time of admission according to the classifi- 
cation proposed by the British Research 
Council,'"° which recognizes three stages 
(Table 1). 

A high-resolution computed tomographic 
scan was performed (Somaton DR3) on all 
patients for the purpose of looking for 
findings described by other authors." 

We established two categories of diagno- 
sis for tuberculous meningitis" in our 28 
patients: definite when the diagnosis was 
based on an autopsy finding and/or when 
the cerebrospinal fluid smear and culture 
for acid-fast bacilli were positive; probable 
when the cerebrospinal fluid smear and 
culture for acid-fast bacilli were negative, 
but direct films and/or cultural identifica- 
tion of Mycobacterium tuberculosis were 
positive from another tissue or body fluids 
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and/or the enzyme-linked immunosorbent 
assay and/or the adenosine deaminase ac- 
tivity in the cerebrospinal fluid were posi- 
tive, and at least two of the following tests 
were positive: Mantoux test, chest roent- 
genogram, computed tomographic scan- 
ning, and a history of, or contact with, tu- 
berculosis. 

All patients received oral administration 
of isoniazid (10 mg/kg per day), rifampin 
(15 mg/kg per day), and pyrazinamide (30 
mg/kg per day), between 1 hour and 7 days 
after admission. The first phase, which 
lasted 2 months, included isoniazid, ri- 
fampin, and pyrazinamide; and the second 
phase, which lasted 4 months, was carried 
out with isoniazid and rifampin. Those pa- 
tients who had been given isoniazid 
previously® and had followed an adequate 
course of the drug were excluded from the 
trial. 

All patients received pyridoxine (50 to 
100 mg/d). Steroid therapy with prednisone 
(1 to 3 mg/kg per day) was indicated for 
patients with impairment of consciousness, 
focal neurological abnormalities, and a 
cerebrospinal fluid pressure of more than 
300 mm H,0"; for these patients, the dose 
was tapered at the beginning of the second 
or third week until the drug was completely 
withdrawn. A determination of hepatic en- 
zymes, alkaline phosphatase, bilirubin, and 
uric acid levels in serum was carried out at 
the beginning of treatment and every 8 days 
during the first 2 months; thereafter, the 
hepatic tests were performed once a month. 
In those cases where it was considered nec- 
essary, these tests were carried out more 
frequently. Until February 1989, all the pa- 
tients had a follow-up period of between 24 
and 36 months. 

Patients were also classified according to 
the eventual outcome 18 months after the 
treatment had ended, using the basic cate- 
gories proposed by Smith" (Table 2). 


RESULTS 


Tuberculous meningitis comprises 
4.4% of all cases admitted to our neu- 
rology department. Of the 28 patients 
studied, 21 (75%) were men, and 7 
(25% ) were women. The mean age was 
29.1 + 19.4 years, with a range of 11 
months to 70 years. 

A history of contact with individuals 
having a tuberculous disease was 
found in nine patients (32.1%). In 10 
cases (35.7% ), there was a history of 
alcohol abuse, and in one case, diabe- 
tes. Five patients (17.8% ) had received 
the BCG vaccination. Five patients 
(17.8% ) who had a prior diagnosis of 
pulmonary tuberculosis, one with re- 
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nal tuberculosis, had already received 
an incomplete antituberculous treat- 
ment between 6 and 18 months before 
beginning the trial for tuberculous 
meningitis. 

The most outstanding symptom on 
admission (Table 3) was headache 
(92.8% ). The most important sign was 
meningeal irritation (92.8%). In 20 
cases (71.4%), there was impairment 
of consciousness of variable severity. 
The level of consciousness decreased 
from the time of admission up to the 
beginning of treatment in four pa- 
tients (14.2% ) (Table 4). The last signs 
and symptoms to disappear were head- 
aches, fever, and meningeal signs. Re- 
garding the general clinical manifes- 
tations at the time of admission (Table 
3), the most important symptoms were 
gastrointestinal (71.4%) and fever 
(89.2% ). 

Nine patients (32.1%) who were 
classified in stage 3 of the British Re- 
search Council at the beginning of 
treatment died. One of the patients 
died during a relapse, 3 months after 
having concluded the 6 months of 
treatment. Six patients (67% ) died be- 
fore completing the second week of 
treatment. One patient died 45 days 
and another 68 days after beginning 
treatment. The mean age of the de- 
ceased patients was 40.7 + 17.1 years, 
whereas for the patients who did not 
die, it was 24.4 + 18.6 years. 

The erythrocyte sedimentation rate 
in 23 patients (82.1% ) was moderately 
high (10 to 40 mm/h). A hematocrit 
level of less than 34 was observed in 
five patients (17.8% ). The total white 
blood cell count was more than 
10 X 10°/Lin 13 patients (46.4% ). Neu- 
trophilia was observed in 26 cases 
(92.8% ). 

In all cases, the cerebrospinal fluid 
tests performed before beginning 
therapy showed arise in the cell count; 
the mean value of cells in the cere- 
brospinal fluid was 196.4 + 215.5/ 
mm}, with two patients (7.1%) show- 
ing more than 500/mm‘*. In 20 patients 
(71.4%), there was lymphocytic pre- 
dominance in the cerebrospinal fluid. 
All patients showed an increase of 
protein concentration in the cere- 
brospinal fluid, with one single case 
showing more than 500 mg/dL and a 
mean value of 135.8 + 145.4 mg/dL. 
The glucose concentration in the cere- 
brospinal fluid was lower than 30 mg/ 
dL in 16 cases (57.1% ) and 45 mg/dL in 
seven cases (25% ); the mean value was 
33.2 + 24.1 mg/dL. 

The chest roentgenograms at the 
time of admission were normal in 11 
patients (39.2% ). In the remaining pa- 
tients, the following abnormalities 
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Table 1.—Clinical Stages According to the Degree of Illness: British Research Council 





Description 





No definite neurological symptoms on admission or in the history before admission, 


with or without meningismus 


Signs of meningeal irritation with or without slight clouding of consciousness, with 
focal neurological signs such as cranial nerve palsies or hemiparesis 

Severe clouding of consciousness or delirium, convulsions, and serious neurological 
signs such as hemiplegia, paraplegia, involuntary movements 





Normal patients 


Description 





Patients with slight sequelae, with a slight degree of mental impairment, minor 
behavioral problems, epilepsy, deafness or some degree of hemiparesis, with the 
possibility of leading relatively normal autonomous lives 

Patients with mild sequelae such as mild mental impairment and/or having a 
well-established physical abnormality, and capable of leading relatively normal 


lives with assistance 


Patients with severe sequelae such as severe mental impairment and/or having a 
severe physical abnormality who are totally dependent 


were observed: miliary pattern in 
seven patients (25% ), apical lesions in 
four patients (14.2% ), hilar lymphad- 
enopathy in five patients (17.8%), and 
consolidation in one patient (3.5%). 
Three of the nine deceased patients 
(33.3% ) had miliary pulmonary tuber- 
culosis. The tuberculin test (5 U of pu- 
rified protein derivative giving an in- 
duration of >10 mm) was positive in 
eight patients (28.5% ). 

In 15 (53.5%) of the 28 cases, M 
tuberculosis was identified microscop- 
ically in direct films. In 16 (57% ) of the 
28 cases, culture in a Löwenstein- 
Jensen medium was positive. The en- 
zyme-linked immunosorbent assay 
method for detecting anti-BCG anti- 
bodies was positive for tuberculosis in 
20 (83.3% ) of 24 cases, with a sensitiv- 
ity of 83.3% and a specificity of 87.5%. 
In 17 (73.9% ) of 23 cases, the adenosine 
deaminase activity was positive, show- 
ing a mean activity of 5 U/L, with a 
sensitivity of 73.9% and a specificity of 
86.6%. Moreover, the diagnosis was 
supported by smear and/or cultural 
identification of M tuberculosis from 
urine (17.8% ), sputum (10.7% ), gastric 
aspirate (5.2%), lymph node biopsy 
(3.5%), and perirenal abscess (3.5% ). 
In six of the nine deceased patients, the 
M tuberculosis was not identified. In 
the nine deaths, the presence of 
meningeal tuberculosis was confirmed 
by autopsy. In all the patients who 
died, the last cerebrospinal fluid test 
results were abnormal. According to 
these tests, 22 cases (78.5% ) were given 
a definite diagnosis, and six cases 
(21.4% ), a probable diagnosis of tuber- 
culous meningitis. 

The computed tomographic scan 
was performed on all patients within 
the first week after hospital admission. 





In nine cases (32.1%), the computed 
tomographic scan was within normal 
limits. The computed tomographic 
scan was abnormal in eight (88.8% ) of 
the nine patients who eventually died. 

Eighteen patients (64.2%) showed 
symptoms for less than 3 weeks prior 
to admission (Tables 4 and 5). At the 
time of initiating therapy, only four 
patients were in stage 1 of the British 
Research Council standards. 

In the 13 patients who were in stages 
1 or 2 of the British Research Council 
standards, treatment was initiated on 
admission (Table 4). The 15 patients in 
stages 2 or 3 of the British Research 
Council standards received treatment 
after admission (Table 5): in three of 
these 15 patients, treatment began on 
the first day; in four, on the second day; 
in two, on the third day; and in the re- 
maining six, between the fourth and 
seventh days after admission. Of those 
nine patients who died, six (66.6% ) had 
begun treatment after the third day of 
admission. 

After 2 months of treatment, two 
patients who had begun the treatment 
in stage 2 and two patients in stage 3 
of the British Research Council stan- 
dards were still displaying symptoms, 
with headaches and meningeal signs, 
and two of these patients had fever. At 
the end of the chemotherapy, 16 pa- 
tients recovered completely. In no pa- 
tient was there evidence of pulmonary 
tuberculosis on completion of the 6 
months of treatment. 

In three patients (patient 6, Table 4; 
patients 11 and 13, Table 5), ventricu- 
loperitoneal shunting was recom- 
mended during treatment. One patient 
died 1 week after the shunt surgery 
(patient 11, Table 5). 

Eighteen months after concluding 
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the treatment, three patients dis- 
played neurological sequelae. One pa- 
tient had mild mental impairment and 
hemiparesis (patient 1, Table 4); one 
had mild mental impairment (patient 
12, Table 5); and one had behavioral 
problems and epilepsy (patient 1, Ta- 
ble 5). 

In the check-up 2 months after the 
antituberculous therapy had begun, 
the cerebrospinal fluid test results 
were within normal limits in 16 (80% ) 
of the 20 surviving patients, and in the 
check-up 6 months after beginning 
treatment, all 20 patients showed val- 
ues that were within normal limits. 
Nineteen patients had a check-up 24 
months after beginning treatment, 
and their cerebrospinal fluid values at 
that time were within normal limits. 

All the patients who received treat- 
ment on admission (Table 4) were 
diagnosed as having tuberculous men- 
ingitis at the moment they arrived in 
the emergency department by physi- 
cians from our department. Twelve 
(80%) of the 15 patients who began 
treatment after admission (Table 6) 
had been admitted to the hospital on 
an incorrect diagnosis by physicians in 
other departments of our hospital be- 
fore they were later correctly diag- 
nosed by physicians in the neurology 
department. 

Seventeen patients were discharged 
on completing the first phase of the 
treatment, and the three remaining 
patients were discharged on complet- 
ing 3 months of chemotherapy. All 
these patients came to our department 
once a month to receive their antitu- 
berculous drugs and to undergo a de- 
tailed neurological examination and, if 
indicated, a cerebrospinal fluid exam- 
ination. 

During treatment, seven patients 
(25% ) showed a moderate increase in 
hepatic enzyme levels, serum aspar- 
tate aminotransferase levels, and se- 
rum alanine aminotransferase levels 
(between 30 and 100 U/mL) (Tables 4 
and 5). In four of these patients, it was 
necessary to stop administering iso- 
niazid and/or rifampin and to add 
streptomycin for between 3 and 7 days, 
at which time the values returned to 
normal. In two cases, the increase 
of enzymes was considerable (>100 U/ 
mL) but transient; therefore it was not 
necessary to discontinue the drugs. In 
four patients (14.2% ), a moderate in- 
crease in the alkaline phosphatase 
level occurred (6 to 10 Bodansky units). 
Four patients showed a transient in- 
crease in the bilirubin concentration. 
After suspension, isoniazid was rein- 
troduced in all patients in small and 
progressive dosages (30 to 200 mg/d). 
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Table 3.—Clinical and Neurological Manifestations on Admission in 28 Patients With 
Tuberculous Meningitis 
















































































































* Diagnostic categories for tuberculous meningitis. 


In two patients, it was necessary to 
suspend the pyrazinamide for 3 days, 
at which time the uric acid concentra- 
tion returned to normal levels. No pa- 
tient had had a previous hepatic dis- 
ease. In 19 cases (67.8%), prednisone 
was used. Three patients presented 
with gastrointestinal symptoms, two 
had arthralgia, one had dizziness with 
nystagmus, and one patient displayed 
a cutaneous rash. 


COMMENT 


The clinical presentation of tuber- 
culous meningitis may be pleo- 
morphic.: In our study, headache 
and meningeal signs, which consti- 
tuted the most important neurological 
manifestations at the time of admis- 
sion, were also the last to disappear. 

Despite the important aid provided 
by the most recent diagnostic meth- 
ods,*™™* the diagnosis of tuberculous 
meningitis continues to be difficult in 
certain cases. Absolute confirmation of 
the diagnosis depends on identifica- 
tion of M tuberculosis in the cere- 
brospinal fluid The frequency with 
which the bacilli are seen varies be- 
tween 10% and 91%.!5!°!89 The cere- 
brospinal fluid cultures are positive in 
45% to 90% of the cases.’ In our 
patients M tuberculosis was isolated in 
53.5% of the samples examined, and 
the cultures were positive in 57%. De- 
tection of anti-BCG antibodies in the 
cerebrospinal fluid of patients with tu- 
berculous meningitis, by means of the 
enzyme-linked immunosorbent assay 
method, has been improved in the last 
few years’; by means of this method we 


Diagnostic Categories * Total 
a — No. of 
Definite Probable Cases Percentage 
Neurological signs 
and symptoms 22 6 28 100 
Headache 20 6 26 92.8 
Apathy / irritability 7 1 
Confusion / stupor 2 4 
Stupor 2 10) 
Coma 10 2 
Meningeal irritation 20 6 
Cranial nerve palsy 4 2 
Gastrointestinal symptoms 15 5 
Abdominal pain 12 5 
Vomiting 14 1 
Weakness / anorexia 14 6 
Constipation 14 6 
Respiratory symptoms 6 4 
Respiratory signs 11 6 
Fever 19 6 
Weight loss 5 5 
Fatigue 5 6 
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found a positivity of 83.3%. The dosifi- 
cation of adenosine deaminase activity 
in cerebrospinal fluid is another diag- 
nostic aid applied to tuberculous men- 
ingitis in the last few years’; in our pa- 
tients we found a positivity rate of 
73.9%. The last two methods consti- 
tute an important and quick diagnostic 
aid, with relatively high sensitivity 
and specificity. Bacteriological analy- 
ses in other specimens (sputum, gas- 
tric aspirate, urine) may be a useful 
adjunct,” although their positivity is 
low, which has been confirmed in our 
study. 

In our study, as well as others," we 
found a significant value in mortality 
(P < .001), when the treatment was 
commenced 3 days following admis- 
sion. 

Mortality has often been associated 
with the beginning of treatment in 
stages 2 or 3 of the British Research 
Council scale.'*!82°2! We found that 


mortality increased significantly 
(P < .005) when treatment was begun 
at stage 3. 


Some studies have found that the 
mortality rate was higher at the ex- 
tremes of life.'*'*°2! The average age of 
our deceased patients was more than 
40 years old,* an age that was far 
greater than that of the surviving pa- 
tients (P < .005). 

A history of prolonged disease be- 
fore treatment is initiated has been 
associated with a bad prognosis'*; we 
found that when the patient had a his- 
tory of the disease of more than 3 
weeks prior to admission, mortality 
increased (P < .05). 
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* Diagnostic categories for tuberculous meningitis: one, definite; two, probable. Plus sign indicates present; minus sign, absent. 


tPatient died during relapse. 


The computed tomographic scan has 
contributed to obtain better knowl- 
edge of the pathogenesis of tubercu- 
lous meningitis,” and is also an impor- 
tant diagnostic aid; it is also useful for 
prognostic purposes.'' In our study, 
an abnormal computed tomographic 
scan had a statistical significance 
(P < .05) as a factor for establishing a 
poor prognosis in mortality. 

Tuberculous meningitis still has a 
high mortality, despite early diagnosis 
and modern therapy.'* The therapy for 
tuberculous meningitis should be es- 
tablished as soon as the disease is 
suspected.*" The use of bactericidal 
agents such as isoniazid or rifampin 
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quickly eradicates the bacilli wherever 
they are located without fostering the 
appearance of resistant mutants.’ The 
association of a third drug to a basic 
regime of isoniazid and rifampin has 
been recommended inasmuch as it of- 
fers the advantage of providing 
greater effectiveness against resistant 
bacilli when these are present.’*'° 
Pyrazinamide, which at first had the 
reputation of being especially hepato- 
toxic when combined with isoniazid 
and rifampin in short-term modern 
schemes, has never displayed unac- 
ceptable levels of hepatotoxicity’; 
this, along with the evidence of its high 
capacity for penetration in both the 


inflamed and noninflamed meninges 
and its potent sterilizing action,'®* has 
led this drug to be considered, at 
present, as an outstanding antituber- 
culostatie drug.” 

In four cases, it was necessary to 
temporarily suspend isoniazid treat- 
ment and/or rifampin treatment ow- 
ing to a moderate increase of the he- 
patic enzymes. According to what was 
described above, the low rate of hepa- 
totoxicity using the scheme of pyrazi- 
namide, isoniazid, and rifampin is 
confirmed.’ The utilization of high dos- 
ages of the three drugs used in our 
study, plus ethionamide, in young chil- 
dren with severe tuberculous meningi- 
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tis showed only a transitory increase 
of enzyme levels without causing overt 
liver damage.” The increase in uric 
acid in serum is a relatively frequent 
complication when pyrazinamide is 
used’; uric acid levels quickly returned 
to normal after suspension of therapy. 

Up to now, there is no unanimity 
about the form of chemotherapy or the 
optimal duration for the treatment of 
tuberculous meningitis.” A regimen of 
6 months has been suggested as effec- 
tive in the treatment of tuberculous 
meningitis.*"* In the present series, 
with this therapeutic regimen of 6 
months, we found a mortality rate of 
32.4%, which is less than the mortality 
rate found in those therapeutic regi- 
mens carried out with streptomycin 
and para-aminosalicylic acid, the 
drugs used before the introduction of 
isoniazid in 1952,%2? and similar 
to'*'?62° or higher than the rate found 
in those studies carried out after this 
date using isoniazid and later adding 
rifampin and pyrazinamide.'*!7253033 

On the basis of the various thera- 
peutic regimens carried out in the last 
15 years, with different populations, 
including children and adults, using 
different drugs, and with a treatment 
duration of between 9 and 24 months, 
a variable mortality rate of between 
15% and 38% !#!18253134 has been re- 
ported. In all these studies, the mor- 
tality rate was related to the severity 
of the disease at the beginning of 
treatment. In our series, of the total of 
14 patients who began the treatment in 
stage 3 of the British Research Coun- 
cil standards, nine of them (64% ) died, 
a figure that is very close to or slightly 
higher than the figure reported in 
other studies.'*!°?53!*3 Despite the im- 
portance of this mortality rate, in 
contrast to the reports of other 
series,'*'*93!3 our patients in stages 1 
or 2 of the British Research Council 
scale did not die. Six (67% ) of the nine 
patients who died had initiated treat- 
ment 3 days after having been admit- 
ted to our hospital, owing to the diag- 
nostic difficulties that these patients 
encountered because of the severity of 
their disease and because they were 
initially examined by other depart- 
ments of our hospital. 

Only three (16%) of the 19 patients 
who survived 18 months after having 
concluded the treatment suffered neu- 
rological sequelae, a figure that is sim- 
ilar to or lower than the figures re- 
ported in other studies.'**53!33 None of 
our patients with neurological se- 
quelae initiated the treatment in stage 
1 of the British Research Council stan- 
dards, in contrast to other studies. 

On the basis of the analysis outlined 
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above, we can therefore conclude that, 
despite progress made in the morbid- 
ity and mortality due to tuberculous 
meningitis, the results obtained are 
still discouraging and certain factors 
that increase the possibility of a bad 
prognosis, such as the delay in diag- 
nosing and treating the disease, could 
be improved. Early onset of antituber- 
culous therapy is more important than 
the regimen of drugs applied or the 
duration of the treatment. 

The very short-term scheme for 
treating tuberculous meningitis is a 
good therapeutic option because it is 
effective and displays a morbidity and 
mortality rate that is comparable with 
other therapeutic sehemes, ensures 
better compliance on the part of the 
patients for the shortest time of treat- 
ment, is less expensive, and does not 
present unacceptable toxic effects. It is 
now necessary to undertake controlled 
studies with a large number of pa- 
tients using this and other proposed 
schemes, especially among infants and 
children where there are doubts about 
the effectiveness of the short course of 
treatment for tuberculosis.” These tri- 
als are currently being carried out in 
our department. 


We are indebted to Gabriel Buendia and Silvio 
Cascante (Ciba-Geigy) for their support and for 
supplying us with the drugs, as well as to Jaime 
Andrade, mathematician at the Faculty of Sci- 
ences of the National Polytechnic School in Qui- 
to, for the statistical analysis. 
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Clinical and Positron Emission Tomographic Studies 
in the ‘Extrapyramidal Syndrome’ of 
Dementia of the Alzheimer Type 


Philippa J. Tyrrell, MRCP; Guy V. Sawle, MRCP; Vicente Ibanez, MD; Peter M. Bloomfield, MSc; Klaus L. Leenders, MD; 
Richard S. Frackowiak, MD; Martin N. Rossor, MD 


e Extrapyramidal signs, particularly ri- 
gidity and tremor, have been reported ina 
proportion of patients with dementia of 
the Alzheimer type. To test the hypothesis 
that these extrapyramidal signs are similar 
clinically and neurochemically to the ex- 
trapyramidal signs of Parkinson’s disease, 
a group of 20 patients satisfying clinical 
criteria for probable Alzheimer’s disease 
were studied and assessed clinically for 
the presence of rigidity, tremor, and 
bradykinesia. In those patients with ex- 
trapyramidal signs, qualitative differences 
were observed between the signs in these 
patients and in subjects with Parkinson’s 
disease. Fifteen of 20 patients underwent 
fluoro-18-dopa scans, which showed no 
significant difference in fluoro-18-dopa 
uptake into the caudate and putamen be- 
tween normal subjects and the rigid and 
nonrigid patients with Alzheimer’s dis- 
ease, in contrast to the marked reduction 
in fluoro-18-dopa uptake into the puta- 
men that is observed in Parkinson’s dis- 
ease. This provides clinical and in vivo 
neurochemical support for the hypothesis 
that extranigral factors may be involved in 
the pathogenesis of rigidity in Alzheimer’s 
disease. 

(Arch Neurol. 1990;47:1318-1323) 
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Tre extrapyramidal signs of rigidity, 

tremor, and bradykinesia are the 
characteristic clinical features of Par- 
kinson’s disease (PD). Similar clinical 
signs have been observed in a propor- 
tion of patients with dementia of the 
Alzheimer type (DAT), who may suf- 
fer a more rapid intellectual and func- 
tional decline.* It has been suggested 
that the extrapyramidal signs in DAT 
are due to coexistent PD pathologic 
findings,’ and consequent damage to 
the dopaminergic nigrostriatal path- 
way. However, postmortem studies 
suggest that Lewy bodies in the sub- 
stantia nigra may not be an adequate 
explanation’ and nigral pathologic 
findings may not occur early in the 
disease when rigidity may be appar- 
ent. We have, therefore, studied a 
group of patients with DAT, who have 
been assessed clinically for the pres- 
ence and nature of extrapyramidal 
signs, and studied with fluoro-18-dopa 
(8F-dopa) positron emission tomo- 
graphic scans to assess the integrity of 
the dopaminergic system in vivo. 


PATIENTS AND METHODS 
Patient Selection 


Twenty patients satisfying the National 
Institute of Neurological Disorders and 
Stroke-Alzheimer’s Disease and Related 
Disorders Association clinical criteria 
for probable Alzheimer’s disease’ were 
studied. Ages ranged between 40 and 74 
years (mean age, 59.1 years; SD, 8.5 years). 
Most of the patients were attending a neu- 
rology clinic for an initial diagnostic as- 
sessment, either as a primary referral from 
a general practitioner or a tertiary referral 
from a neurologist, while two patients were 


referred after expressing an interest in 
taking part in a research project: both had 
been assessed previously by a neurologist in 
another center, from whom all clinical de- 
tails and investigation results were avail- 
able. Patients with a history of neuroleptic 
medication were excluded. The length of 
history varied between 1 and 7 years (mean, 
3.4 years). Three patients had a family his- 
tory of Alzheimer’s disease, defined as hav- 
ing at least one first-degree relative who 
satisfied clinical criteria for the disorder. 
All patients were assessed on the Hachinski 
ischemia score? and excluded if they 
achieved a score of 4 or more. Results of he- 
matologic and biochemical investigations, 
including thyroid function tests, tests of 
hepatic, and renal function, blood glucose, 
syphilis serology, protein electrophoresis, 
full blood cell count, erythrocyte sedimen- 
tation rate, serum vitamin B,,, and folate 
were within norma! limits in all patients. 
Examination of the cerebrospinal fluid was 
performed, or the results made available 
from a previous assessment, in all patients, 
and the results were within normal limits. 
Computed tomographic head scans were ei- 
ther normal or showed atrophy with no ev- 
idence of infarction. In addition, seven nor- 
mal subjects were studied, aged 43 to 67 
years (mean age, 57.1 years; SD, 9.7 years). 
These subjects were asymptomatic, en- 
tirely normal on physical examination, and 
scored at least 29 of 30 on the Mini-Mental 
State Examination.” They had no signifi- 
cant medical history and they were receiv- 
ing no medication. 


Clinical Assessment 


Assessment of Extrapyramidal Signs.— 
Patients were assessed for the presence of 
extrapyramidal signs on the King’s College 
Hospital Parkinson’s Disease Disability 
Scale,? which scores for the presence of 
limb rigidity, tremor, and bradykinesia. 
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Items 14 to 19, which score for functional 
items such as feeding and dressing, were 
omitted. Patients were divided clinically 
into two groups. The first group were those 
judged to have no rigidity or other extrapy- 
ramidal signs, the second group were those 
with rigidity of the limbs. In addition, pa- 
tients were assessed for the presence of 
apraxia of miming and copying gestures 
according to a simple rating scale described 
previously." The clinical results of some of 
these patients have been reported else- 
where." 

Assessment of Dementia Severity.— All pa- 
tients were assessed on the Wechsler Adult 
Intelligence Scale and verbal and perfor- 
mance quotients were obtained where pos- 
sible, although some patients were too se- 
verely affected to score. A functional rating 
scale for dementia (the Blessed Dementia 
Scale") was obtained, after interview with 
relatives, and, in addition, the information 
memory concentration test!’ and the Mini- 
Mental State Examination! were per- 
formed. Relatives of the patients were ques- 
tioned as to whether the patients had any 
physical disability that might be related to 
the presence of extrapyramidal signs, for 
example, difficulty rising from a chair or 
turning over in bed. 


Scanning 


Satisfactory 'F-dopa scans were per- 
formed on 15 of the 20 patients, six nonrig- 
id, and nine rigid patients. Reasons for ex- 
clusion included excessive patient move- 
ment during the scans, poor '*F-dopa yield 
(less than 50 MBq), and patient refusal. The 
decision to reject a scan because of exces- 
sive patient movement was taken during 
the scan, before inspection of the images. 

Fluoro-18-dopa scans were performed on 
a scanner (CTI/931/12/8, Computer Tech- 


nology and Imaging Inc, Knoxville, Tenn) at 
the Medical Research Council Cyclotron 
Unit at the Hammersmith Hospital, Lon- 
don, England. The performance character- 
istics of this scanner have been described.'* 
Patients and subjects were positioned in 
the scanner, with the orbitomeatal line par- 
allel to the detector rings and the head im- 
mobilized in an individually moulded poly- 
urethane head support. A 15-minute trans- 
mission scan was collected using a retract- 
able germanium 68-gallium 68 ring source. 
Approximately 130 MBq of '*F-dopa (nor- 
mal subjects: mean, 131 MBq, SD, 69; pa- 
tients: mean, 132 MBq, SD, 37) were in- 
jected intravenously over 2 minutes, using 
a Harvard pump, and serial dynamic scans 
were collected over the following 94 minutes, 
divided into 25 time frames; this method is 
similar to that described by Leenders et al.!”"* 

Ethical permission for studies on pa- 
tients and volunteer subjects was obtained 
from the Ethical Committees of The Na- 
tional, St Mary’s, and Hammersmith Hos- 
pitals, London, England. Permission to ad- 
minister the radioactive isotope was ob- 
tained from the Administration of Radio- 
active Substances Advisory Committee of 
the United Kingdom. Written consent was 
obtained from patients and their next of kin 
and from normal volunteer subjects after a 
full explanation of the procedure. 


Scan Analysis 


Scans were analyzed to obtain time-ac- 
tivity data from the caudate (one region 
each side of 4 X 4 pixels), putamen (three 
regions each side of 4 X 4 pixels), medial 
frontal cortex (one circular region of diam- 
eter, 16 pixels), occipital cortex (two circu- 
lar regions of diameter, 32 pixels), and 
cerebellum (dimensions as for occipital re- 
gions). All regions of interest were defined 


Table 1.—Clinical, Neuropsychologic, and K; Data for Each of the Individual Patients * 


Apraxia Score 


on two adjacent planes, with reference to 
the site of maximal "“F-dopa uptake, and 
average values for each anatomic structure 
were calculated. Regional time activity 
curves were plotted, and the data from 30 to 
90 minutes were analyzed using the multi- 
ple time graphic analysis approach.” Cere- 
bellar values were used to generate the 
nonspecific reference input function. 


RESULTS 
Clinical Features 


Clinical results on all 20 patients are 
given in Table 1. Seven patients were 
judged to have no rigidity or other ex- 
trapyramidal signs. The age of the 
nonrigid group (mean age, 57.3 years; 
SD, 5.2 years) was not significantly 
different from the rigid group (mean 
age, 58.3 years; SD, 10.2 years). Mean 
disease duration was similar in both 
groups (nonrigid, 3.4 years; rigid, 3.1 
years). None of the patients had 
bradykinesia as judged by the time 
taken to rise from a chair, or to turn 
while walking. In addition, none were 
reported to have symptoms such as 
difficulty rising from a chair or turning 
over in bed. In the majority of the af- 
fected DAT group, the rigidity was 
similar to that observed in PD with 
cogwheeling that was increased by 
contralateral reinforcement. How- 
ever, patients 17 through 20 were ob- 
served to have a somewhat different 
form of rigidity, namely noncogwheel- 
ing rigidity that was unchanged by 
contralateral reinforcement, but al- 
tered by variation in the force and 
amplitude of the applied stimulus. 










































































* PDD indicates Parkinson's Disease Disability; UL, upper limb; LL, lower limb; MMSE, Mini-M 
WAIS, Wechsler Adult Intelligence Scale; VIQ, Verbal IQ; PIQ, Performance IQ; MFC, midfront 
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Duration, PDD n Blessed —_——_. K, K, K, 
Patient/Age, y y Rigidity Score UL LL MMSE Score IMCT VIQ PIQ Caudate Putamen MFC 
1/59 3 Nonrigid (0) 1 Oo 21 2 25 108 114 0.0112 0.0117 0.0012 
2/59 1 Nonrigid 0 [0] 10) 19 13 6 n/t n/t 0.0095 0.0089 
3/66 2 Nonrigid o 4 0 12 5 22 n/t n/t 0.0129 0.0104 
4/55 5 Nonrigid o 8 o 14 5 13 69 59 0.0122 0.0144 
5/55 3 Nonrigid o 1 o 14 4 17 77 60 AF ec 
6/52 7 Nonrigid o 6 (0) 6 13 8 61 49 0.0151 0.0109 
7/53 3 Nonrigid 10) 3 0 16 7 19 72 62 0.012 0.0104 
8/47 4 Rigid 14 (0 (0) 24 3 20 74 76 Ha ToN 
9/64 4 Rigid 22 5 0 20 4 23 83 71 0.0135 0.0114 
10/56 2 Rigid 15 ud o 17 6 21 73 64 0.0136 0.0083 
11/63 2 Rigid 20 6 o 13 5 23 57 n/t 0.0103 0.0097 
12/65 3 Rigid 11 1 [0] 23 4 27 80 79 mee ea 
13/52 2 Rigid 6 0 o 23 2 25 67 85 0.0096 0.0114 
14/40 Ki Rigid 1 o 11 T 20 64 60 0.0144 0.0097 
15/63 3 Rigid 1 (0) 22 9 15 n/t n/t TA Eo% 
16/56 2 Rigid 17 3 o 22 3 28 96 64 0.0106 0.0109 
17/74 1 Rigid 12 7 0 17 12 19 86 68 0.0118 0.0073 
18/74 2 Rigid 3 3 o 25 5 31 105 84 TA rie 
19/60 6 Rigid 7 22 6 o 13 1 n/t n/t 0.0113 0.0008 
20/69 5 Rigid 6 14 6 3 3 12 n/t n/t 


lental State Examination; IMCT, Information Memory Concentration Test; 
al cortex; and n/t, not tested. 
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This was believed to be similar to the 
rigidity referred to as gegenhalten. 


18F-Dopa Results 


The “F-dopa scan results were avail- 
able for six patients without rigidity 
and nine patients with rigidity. Figure 
1 shows representative scans from a 
normal subject, a patient with DAT 
and no rigidity, and a patient with 
DAT and rigidity. 

Mean K, values (influx constant 
calculated using the multiple time 
graphic analysis approach'*) for the 
uptake of '*F-dopa into the caudate and 
putamen, and medial frontal cortex for 
the 15 patients scanned and the nor- 
mal subjects are given in Table 2, and 
are shown graphically in Figs 2 (cau- 
date values) and 3 (putamen values). 
Values outside 2 SDs of the normal 
range are marked with an asterisk. 
Mean K; values of uptake of '*F-dopa 
into the caudate nucleus and into the 
putamen are not significantly differ- 
ent between the nonrigid and rigid pa- 
tients with DAT and the normal group 
(Table 2). 

No significant correlation was ob- 
served between K; into the caudate or 
the putamen and severity of dementia, 
as judged on the Blessed Dementia 
Scale (caudate: r=.16; putamen: 
y= .59). In addition, no correlation 
was observed between K; into the puta- 
men and the severity of the rigidity 
(r= .25) as assessed on the Parkin- 
son’s Disease Disability Score. This is 
in contrast to the findings in PD where 
a significant negative correlation has 
been observed between K; into the 
putamen and the severity of the 
rigidity.” 


COMMENT 


The proportion of cases with rigid- 
ity (65% ) is higher than that reported 
in some other studies, for example, 
Mayeux and colleagues’ reported ex- 
trapyramidal signs in 28.1% of a group 
of patients with DAT, although other 
authors'>* have reported proportions 
varying between 34% and 92%. The 
relatively high incidence described 
herein may be due to the young age of 
the patients (with the majority below 
70 years). Some of the reported studies 
are retrospective, depending on analy- 
sis of case notes to determine the pres- 
ence of clinical signs, which may lead 
to underreporting of mild extrapyra- 
midal rigidity. In addition, as de- 
scribed below, our patients were pos- 
sibly not representative of other DAT 
populations. 

The observed absence of bradykine- 
sia and physical disability in the DAT 
group with extrapyramidal signs sug- 
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Fig 1.—Four of the 15 planes from representative scans of a normal subject (top row), a patient 
with dementia of the Alzheimer type (DAT) and no rigidity (middle row), and a patient with DAT and 
rigidity (bottom row), showing fluoro-18-dopa ('°F-dopa) uptake into the striatum. Each scan is 
scaled to its own maximum. 
SD 
Normal 0.00046 4 





0.0018 
0.0018 


Nonrigid DAT 
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*The K, values are given in mean + SD. DAT indicates dementia of the Alzheimer type. 


gests that they were clinically differ- 
ent from patients with PD, as has been 
reported elsewhere.'* Moreover, four 
patients were considered to have ge- 
genhalten rather than cogwheeling 
rigidity." In addition, this study dem- 
onstrates normal '*F-dopa uptake into 
the putamen in the rigid patients with 
DAT, a finding that is in marked con- 
trast to the results obtained in pa- 
tients with PD. These findings support 
the hypothesis that presynaptic do- 
paminergic nigrostriatal dysfunction 
is not an adequate explanation for the 
rigidity observed in DAT. 

While the mean K; values of '*F-dopa 
into the caudate and putamen are not 
significantly different between the two 
groups of patients, and do not differ 
from normal, there is a greater vari- 
ance in the patient groups than in the 
normal subjects. This may be due to 
the difficulties inherent in scanning 
demented patients for long periods of 
time, in particular patient movement, 
which, despite a rigid head rest and 


constant patient observation and re- 
assurance, is difficult to avoid. Some of 
the K; values for the caudate are 
higher in the patients than in the nor- 
mal subjects; this may be due to the 
relatively small number of normal 
subjects. The variation in values in 
these patients is unlikely to be due to 
a partial volume effect, as the putamen 
is situated at a greater distance from 
the lateral ventricles than the caudate, 
and a partial volume effect would be 
expected to be more marked in the 
caudate than in the putamen. 
Although there is no statistically 
significant difference between the 
group mean values for K; of '*-F-dopa 
into the putamen between the rigid 
and the nonrigid groups, some of the 
values for the rigid group are lower 
than for the nonrigid group. This 
might suggest a subgroup of patients 
with some impairment of the dopa- 


minergic nigrostriatal system. Two of ™ 


the patients with DAT with rigidity 
have putamen K; values that were out- 
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Fig 2.—K; (influx constant) values for the caudate nucleus for the normal subjects and the two 
patient groups. Solid horizontal line indicates the mean of the normal values; the dotted lines above 
and below, the mean value + 2.5 SDs; “F-dopa, fluoro-18-dopa; and DAT, dementia of the 


Alzheimer type. 
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Fig 3.—K; values for the putamen for the normal subjects and the two patient groups. ‘*F-dopa 
indicates fluoro-18-dopa; DAT, dementia of the Alzheimer type. 


side the 99% confidence limit of the 
normal values, ie, significantly lower 
than the normal group (P < .01). How- 
ever, the values were significantly 
higher than those observed in PD, de- 
spite marked limb rigidity in at least 
one case, which was as marked as 
many of the patients with PD. These 
two patients with DAT were somewhat 
different from the other rigid DAT 
cases. One (patient 17) was older than 
the other rigid patients (aged 74 years 
compared with a mean of 60.2 years), 
while the second (patient 19) had 6- 
year history of DAT. In addition, both 
these patients were believed to have ri- 
gidity that was clinically dissimilar to 
that of the other patients (see above). 

As part of a separate study at the 
Medical Research Council Cyclotron 
Unit, a group of normal subjects and 
patients with PD have recently been 
scanned in the same way, apart from 
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the fact that carbidopa pretreatment 
was used. The scans were analyzed as 
described above, using cerebellum as 
the input function. K; values for 30 
normal subjects were: mean caudate, 
0.0104, SD, 0.0020; mean putamen, 
0.0095, SD, 0.0011. These values were 
not significantly different from the 
normal values given in Table 1. How- 
ever, K; values for 10 patients with PD 
were: mean caudate, 0.0079, SD, 0.0023; 
mean putamen, 0.0043, SD, 0.0008. 
This 60% reduction in putamen K; in 
PD has also been described prev- 
iously.!”! 

The *F-dopa K; values for the medial 
frontal cortex were not significantly 
different in the normal subjects and 
the three patient groups. This may be 
due to the large variance in the normal 
group and the low value of K; in this 
region. 

Experimental evidence for the in- 
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volvement of the dopaminergic system 
in DAT has come from in vivo and 
postmortem cerebrospinal fluid analy- 
ses and postmortem neurochemical 
and histopathologic studies. Cerebro- 
spinal fluid analyses have shown con- 
flicting results, with some studies 
showing reductions in the dopamine 
metabolite homovanillic acid (HVA) in 
patients with pathologically con- 
firmed Alzheimer’s disease compared 
with control subjects,?! while other 
studies have shown increased” or nor- 
mal* HVA concentrations. These dis- 
crepancies may be due to heterogene- 
ity in the clinical populations studied 
or to the different analytical methods 
used. One in vivo study of patients as- 
sessed for the presence or absence of 
extrapyramidal signs revealed a re- 
duction in cerebrospinal fluid HVA 
concentration in patients with ex- 
trapyramidal signs compared with 
normal control subjects, while pa- 
tients without extrapyramidal signs 
had HVA concentrations that did not 
differ significantly from normal val- 
ues.” However, in this study two pa- 
tients without extrapyramidal signs 
had HVA concentrations below the 
mean value for the extrapyramidal 
group, suggesting that the clinical sub- 
groups were not entirely distinguish- 
able on the basis of the change in me- 
tabolite concentration. Postmortem 
studies of the concentrations of dopa- 
mine and its metabolites in brain tis- 
sue have yielded equally conflicting 
results. Low concentrations of HVA 
have been observed in the caudate and 
putamen,” in the caudate but not the 
putamen,” and low concentrations of 
both dopamine and HVA in the cau- 
date nucleus.” In other studies, normal 
concentrations of both dopamine and 
HVA have been reported in the cau- 
date and substantia nigra,*” caudate 
and putamen,” and in the hippocam- 
pus and frontal and temporal cor- 
tex.™! Comparison of the reduction in 
dopamine concentrations with the re- 
ductions in other biogenic amines re- 
vealed a significant reduction in dopa- 
mine and HVA only in the putamen 
and amygdala, which was much less 
marked than the reductions in other 
amines such as 5-hydroxytrypta- 
mine.” A reduction in cortical dopa- 
mine concentration, without a reduc- 
tion in HVA, has been observed in 
temporal cortex and hippocampus in 
Alzheimer’s disease.” The increased 
HVA:dopamine ratio might suggest a 
functional overactivity of the remain- 
ing dopaminergic neurons; an increase 
in this ratio has also been observed in 
the caudate nucleus in PD.” Markers 
of dopaminergic innervation of the 
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frontal and temporal cortices (dopa- 
mine, dihydroxyphenylacetic acid, and 
HVA) are reported to be normal in 
Alzheimer’s disease.” 

Neuropathologic studies of patients 
with DAT have demonstrated the 
presence of the pathologic features of 
Alzheimer’s disease (neurofibrillary 
tangles and amyloid plaques) in the 
substantia nigra and striatum. In ad- 
dition, some patients with DAT show 
the pathologic hallmark of PD (Lewy 
bodies and loss of pigmented nuclei). 
Amyloid plaques are found in the cau- 
date and putamen, in addition to other 
subcortical nuclei,® and selective loss 
of large neurons has been observed in 
the neostriatum of patients with Alz- 
heimer’s disease” possibly suggesting 
selective loss of the intrinsic cholin- 
ergic neurons. Other authors have re- 
ported a correlation between the pres- 
ence of histologic markers of PD in the 
substantia nigra of patients with 
Alzheimer’s disease, and the presence 
of limb rigidity.‘ In a study of 54 pa- 
tients with AD, 54% had neurofibril- 
lary tangles in the substantia nigra, 
with moderate degrees of cell loss, 
which it was suggested might be suffi- 
cient to cause parkinsonian features in 
14%, although these had not been re- 
corded in these patients’; two patients 
recorded as having extrapyramidal 
signs had no nigral pathologic find- 
ings. 

One of the disadvantages of post- 
mortem studies is that they usually 
rely on retrospective analysis of clini- 
cal data. However, Morris and co- 
workers? have reported a prospective 
study of 44 subjects with clearly es- 
tablished DAT, 36% of whom devel- 
oped extrapyramidal signs during fol- 
low up, and a further 27% developed 
drug-induced parkinsonism. Histo- 


1. Pearce J. The extrapyramidal disorder of 
Alzheimer’s disease. Eur Neurol. 1974;12:94-103. 

2. Sulkava R. Alzheimer’s disease and senile 
dementia of the Alzheimer type: a comparative 
study. Acta Neurol Scand. 1982;65:636-650. 

3. Molsa PK, Marttila RJ, Rinne UK. Extrapy- 
ramidal signs in Alzheimer’s disease. Neurology. 
1984;34:1114-1116. 

4. Mayeux R, Stern Y, Spanton S. Heterogene- 
ity in dementia of the Alzheimer type: evidence of 
subgroups. Neurology. 1985;35:453-461. 

5. Chui HC, Teng EL, Henderson V, Moy AC. 
Clinical subtypes of dementia of the Alzheimer 
type. Neurology. 1985;35:1544-1550. 

6. Ditter SM, Mirra SS. Neuropathologic and 
clinical features of Parkinson’s disease in Alzhe- 
imer’s disease patients. Neurology. 1987;37:754- 
760. 

7. Gibb WRG, Mountjoy CQ, Mann DMA, Lees 
AJ. The substantia nigra and ventral tegmental 
area in Alzheimer’s disease and Down's syn- 
drome. J Neurol Neurosurg Psychiatry. 1989; 
52:193-200. 


1322 


Arch Neurol—Vol 47, December 1990 


pathologic examination revealed that 
while five of 10 patients with nondrug- 
induced parkinsonism had histologic 
evidence of PD and three had nonspe- 
cific nigral degenerative changes, in 
two of these patients nigral lesions 
were entirely absent, and neither pa- 
tient had striatal infarcts. The clinical 
dysfunction in these two patients did 
not differ from the other cases. With 
the exception of the occasional neu- 
rofibrillary tangle, the substantia ni- 
gra was also normal in the two sub- 
jects with drug-induced parkinsonism 
and in the seven subjects with AD 
without parkinsonism. The authors 
suggest that extranigral lesions may 
be responsible for the extrapyramidal 
signs in these two patients. In addi- 
tion, a prospective study of patients 
with Alzheimer’s disease showed a 
correlation between the presence of 
extrapyramidal signs and neurofibril- 
lary tangle counts in only one area, the 
medial frontal gyrus.” 

Extrapyramidal features may be ap- 
parent with lesions intrinsic to the 
striatum, for example parkinsonism 
secondary to carbon monoxide or cya- 
nide poisoning may have pallidal 
lesions with a normal substantia 
nigra.“ Levodopa may not be effec- 
tive in disorders without damage to 
the nigrostriatal pathway, and indeed 
in a recent study there was a complete 
lack of response of the rigidity to oral 
levodopa treatment in a group of pa- 
tients with DAT and extrapyramidal 
signs.” 

Cerebrospinal fluid HVA data were 
not available on these patients, and 
none of these patients have yet come to 
autopsy, and so it is not known 
whether HVA concentrations might be 
reduced despite the clinical differences 
between PD and the normal '“F-dopa 
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Acquired Childhood Aphasia 
Outcome 1 Year After Onset 


M. Christa B. Loonen, MD, Hugo R. van Dongen, MD 


e@ The effects of the variables age at 
onset, cause, severity and bilaterality of 
lesion, and type of aphasia on course and 
outcome were investigated in a group of 
28 aphasic children. Analysis of sponta- 
neous speech and tests of auditory verbal 
comprehension were used to determine 
the presence of aphasia. The severity of 
the cerebral lesion was assessed using a 
rating scale for computed tomographic 
scans. Most of the children had not recov- 
ered completely 1 year after onset. Re- 
covery was significantly different accord- 
ing to etiological categories. Complete re- 
covery was seen in the majority of 
traumatic cases. 

(Arch Neurol. 1990;47:1324-1328) 


he standard doctrine about child- 

hood aphasia claims that recovery 
of language functions is rapid and 
complete.! However, this claim rests 
largely on quotations from the earlier 
literature,” and is increasingly con- 
tradicted by more recent reports.** 

The main factors considered to be 
associated with language recovery are 
age at onset, cause, severity and bilat- 
erality of lesion, and type of aphasia. 


AGE AT ONSET 


Alajouanine and Lhermitte’ found 
no difference in “the speed of recovery 
in children less than 10 years old vs 
children of 10 or more years old.” Ac- 
cording to Lenneberg,’ the prognosis of 
acquired aphasia in children is directly 
related to the age at onset of the apha- 








Accepted for publication May 22, 1990. 

From the Department of Neurology, University 
Hospital Rotterdam-Dijkzigt (the Netherlands). 

Presented in part at the 12th European Confer- 
ence of the International Neuropsychological So- 
ciety, Antwerp, Belgium, July 7, 1989. 

Reprint requests to Department of Neurology, 
University Hospital Rotterdam-Dijkzigt, 40 Dr 
Molewaterplein, 3015 GD Rotterdam, the Nether- 
lands (Dr van Dongen). 


1324 Arch Neurol—Vol 47, December 1990 


sia. Aphasias that develop before pu- 
berty would clear up completely. In the 
series of Woods and Teuber," all chil- 
dren who became aphasic before the 
age of 8 years regained speech, but re- 
covery time ranged from 1 month to 
more than 2 years. In the syndrome of 
acquired aphasia with convulsive dis- 
order (Landau-Kleffner syndrome 
[LKS]) an opposite relationship is 
found, ie, the older the child is at onset 
the better the outcome.''® 


CAUSE 


Children with head trauma have 
been reported to improve more than 
those with vascular disease.*'* How- 
ever, Byers and McLean" reported a 
complete restitution of speech func- 
tion in 10 aphasic children with per- 
sistent hemiplegia due to a cerebrovas- 
cular lesion at follow-up from 1 to 4 
years. Longitudinal follow-up studies 
present evidence that the prognosis in 
children with acquired aphasia syn- 


drome with convulsive disorder is 
poor.!*8 


SEVERITY AND BILATERALITY 
OF THE LESION 


Persistent aphasic symptoms have 
been linked with the severity of the 
lesion.'*°° Extensive computed tomo- 
graphic (CT) scan data are limited to 
the first reports of children with a 
subcortical aphasia,” a fluent apha- 
sia,” a crossed aphasia, and a con- 
duction aphasia.” Studying the inci- 
dence of paraphasias, Van Hout et al’ 
mention CT sean abnormalities, but do 
not assess the severity of the lesion in 
11 children who demonstrated an 
aphasia arising from a range of causes. 
However, in children with acquired 
aphasia with convulsive disorder, nor- 
mal CT scans are consistently reported 
despite severe aphasic disturbances.” 

It is claimed that, if in childhood the 
left hemisphere is damaged, language 
can develop in the corresponding area 


Table 1.—Age at Onset, Cause of Cerebral Lesions, and Clinical Findings; CT Scan 
Data; and Token Test/TMT Scores* 


Age at 
Onsett 


Etiological Factors 


Token Test/ 
TMT Score 
at Onset 


Severity 
of Cerebral 
Lesion 





Head Injury 
Contusion; unconscious for 15 min N 





Contusion; unconscious for 5 min at 


most 








Contusion; unconscious for 1 month; 
left temporal depressed fracture; 
persisting right hemiparesis 





Contusion; unconscious for 5 days; 
transitory right hemiparesis 








Left temporal depressed fracture and 


local contusion 








Multiple skull fractures; left parietal 
depressed fracture; transitory slight 


right hemiparesis 





Left temporal contusion; unconscious 


for some days 





Contusion; unconscious for 1 month 
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Table 1.—Age at Onset, Cause of Cerebral Lesions, and Clinical Findings; CT Scan 
Data; and Token Test/TMT Scores* (cont) 


Case 
No./Sex 


Etiological Factors 








Vascular Disease 
Left parieto-occipital 
intracerebral hematoma; 
persisting right hemiparesis 
secondary to aplastic anemia 


Severity 
of Cerebral 
Lesion 


Token Test/ 
TMT Score 
at Onset 





S, R+ 





Atonic attacks without 
disturbed consciousness 
from the age of 4 y; at 7 y, 
loss of speech and 
choreiform movements 
secondary to ‘‘Moya-Moya”’ 
disease 


6 








Persisting right hemiparesis 
secondary to left internal 
carotid artery occlusion of 
unknown cause 





Transitory slight right 
hemiparesis secondary to left 
frontal subcortical hematoma 





Transitory right hemiparesis 
following embolism in left 
middle cerebral artery 





Persisting right hemiparesis 
secondary to left middle 
cerebral artery infarction of 
unknown cause 





Transitory right hemiparesis 
following cerebral infarction 
in internal capsule and 
caudate nucleus secondary 
to “sick sinus’ syndrome 


Infectious Disease 
Persisting slight right 
hemiparesis following 
Haemophilus influenzae 
meningoencephalitis; residual 
epilepsy 








Left frontal and temporobasal 
subdural empyema; residual 
epilepsy 








Transitory right hemiparesis 
secondary to herpes simplex 
encephalitis 








Left frontotemporal subdural 
empyema secondary to 
frontal and maxillary sinusitis 








Severe conduct disorder and 
residual epilepsy following 
acute demyelinating 
encephalomyelitis 


Landau-Kleffner Syndrome 


Landau-Kleffner syndrome 





Landau-Kleffner syndrome 





Landau-Kleffner syndrome 








Landau-Kleffner syndrome 











Landau-Kleffner syndrome 





Landau-Kleffner syndrome 
Cerebral Tumor 
Left temporal 
oligodendroglioma 








Left temporal grade | 
astrocytoma 





Large neuroblastoma in left 
hemisphere 





Left frontotemporal metastasis 
of adrenal carcinoma 





of the right hemisphere. Consequently, 
bilateral cerebral damage is consid- 
ered a bad prognostic sign.””8 


TYPE OF APHASIA 


Guttmann" emphasized the good 
prognosis of purely motor (nonfluent) 
aphasia in young children: combined 
motor and sensory aphasia had a more 
serious prognosis. Assal and Campi- 
che” confirmed, but Collignon et al” 
contradicted this finding. Fluent apha- 
sia in children has been considered 
rare: no firm statements concerning 
prognosis are available.” 

The aim of this study was to inves- 


tigate the association of age at onset, 


cause of the lesion, severity and bilat- 
erality of the lesion, and type of apha- 
sia with recovery of acquired child- 
hood aphasia. 

Assuming a rapid initial recovery, 
language functions of the children 
were assessed at 1 year after onset. 


SUBJECTS AND METHODS 
Subjects 


In the period 1977 through 1985, we stud- 
ied 30 children with acquired aphasia. The 
children were referred to the neurology de- 
partment of the University Hospital Rot- 
terdam-Dijkzigt, the Netherlands. Com- 
puted tomographic scan data were avail- 
able. With the exception of two children 
(case 13, reexamination was refused by the 
child’s parents; case 12, reexamination 
could be performed only 1 month and 5 
years after onset), one or more follow-up 
examinations were carried out in all cases. 
Table 1 shows the subjects’ characteristics. 


CT Scans 


With a few exceptions, the CT scans were 
performed with scanners of the second or 
third generation. The scanning was carried 
out according to standard techniques. Us- 
ing a rating scale (Table 2), the severity of 
the lesion was rated by a child neurologist 
(M.C.B.L.) who was unaware of the results 
of the neuropsychological examinations. 
The selected CT scans were performed at 
least 4 weeks after onset of aphasia. For 
each patient with CT scan abnormalities 
one representative picture is shown in Figs 
1 through 4. The numbers correspond to the 
case numbers in Table 1. 


Language Testing 


The initial language testing was per- 
formed as soon as possible after the onset of 
the aphasia and follow-up examinations 
were carried out by the same investigator 
(H.V.D.). Language measures, ie, analysis 
of spontaneous speech, object naming, 
repetition, and auditory comprehension 
(Token Test”), and, for toddlers, the Tridi- 
mensional Matrix Test (TMT) have been 
described elsewhere.” Children were con- 


“TMT indicates Tridimensional Matrix Test; CT, computed tomographic; R+, including enlargement of right 
ventricle and/or sulci of the right hemisphere; N, normal; NS, nonsevere; and S, severe (according to Vargha- 
Khadem et al**). 

tAge is given in years and months. 

+TMT score. 


sidered as incompletely recovered when 
aphasic signs were present in spontaneous 
language, ie, a degree of 0 to 4 aphasia score 
on a severity rating scale”; the perfor- 
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: mances on the Token Test or Tridimen- 
Table 2.—Rating Scale for Computed Tomographic Scans* sional Matrix Test were one or more SDs 


Moderate to marked ventricular dilatation and gross loss of substance seen on three or more cuts 
Moderate to marked ventricular dilatation with minimal to moderate loss of brain substance seen on less RESULTS 
than three cuts 


below the average for that child’s age.” 


METAR cerebral atrophy indicated by moderate to marked ventricular dilatation seen on three or more The data, summarized in Fig 5, re- 
Minimal hemisphere atrophy indicated by minimal ventricular dilatation; asymmetry seen on less than veal 5 significant differences between 
iraa toia the six children with LKS and the four 


Normal children with a brain tumor on the one 
* Data are adapted from Vargha-Khadem et al.** hand and the children of the other eti- 
ological groups on the other. The chil- 
dren with a tumor showed a worsening 
aphasia and died about 1 year after 
onset. The children with LKS differ 
with respect to age at onset (range, 4 to 
6 years) and CT scan ratings (all nor- 
mal). 

The outcome in the 18 children with 
head injury or vascular or infectious 
disease is reported together. In view of 
the small number of patients in the 
various groups, the relationship be- 
tween the recovery and the variables 
age at onset, cause, severity of lesion, 
and type of aphasia are evaluated sep- 
arately (Tables 3 and 4). 





Effects of Age 


The assumption that the earlier in 
life a lesion is sustained the better the 
outcome was not confirmed (Table 3). 
Our results indicate that there was no 
difference in recovery for those aged 
above or below 11 years. The very 
young children with LKS had a bad 
prognosis, as in accordance with the 
literature.” 





Fig 1.—Computed tomographic scans of six patients with head injury. The numbers correspond 
to the case numbers in Table 1. Cause 


Fig 2.—Computed tomographic scans of six patients with vascular lesions. The numbers corre- : Six of the eight children with head 
spond to the case numbers in Table 1. injury had a favorable outcome (Table 


3). This was in complete contrast with 
those with vascular or infectious dis- 
ease. Furthermore, only one of the six 
children with LKS recovered com- 
pletely. 


Severity and Bilaterality of the Lesion 


In view of the small number of 
patients, we regrouped them on the 
basis of severity of lesion. Patients 
whose CT scans were rated as 1 or 2 
composed the group with a severe le- 
sion and were compared with those 
patients with a nonsevere lesion (cat- 
egories 3, 4, or 5). Although recovery 
was frequently observed in children 
with nonsevere normal CT scans, the 
association of outcome with severity of 
lesion was not significant (Table 3). 

Initially all children with a cerebral 
tumor showed a mild aphasia, al- 
though at admission the lesions on CT 
scan were categorized as severe. How- 
ever, the aphasic disturbances in- 
creased very rapidly during their stay 
in the hospital. In contrast, all children 
with LKS demonstrated a severe apha- 
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Fig 3.—Computed tomographic scans of five patients with infectious disease. The num- 
bers correspond to the case numbers in Table 1. 





Fig 4.—Computed tomographic scans of four patients 
with a cerebral tumor. The numbers correspond to the 
case numbers in Table 1. 
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Fig 5.—Severity of the lesions vs outcome 1 year after onset in 28 patients. CVA indicates car- 
diovascular accident; LKS, Landau-Kleffner syndrome; and CT, computed tomographic. 


sia at admission, despite normal CT 
scans. 

In our series, local lesions were lim- 
ited to the left hemisphere. In eight 
patients, in addition to the lesion in the 
left hemisphere, a slight enlargement 
of the right ventricle and/or dilation of 
the right sulci was found. These chil- 
dren, except for one, had a poor out- 
come. However, this can also be ex- 
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plained by the severity of the lesion. As 
the severity and bilaterality of a hemi- 
spheric lesion are interrelated, we 
tested both the effect of severity when 
correcting for bilaterality, and the ef- 
fect of bilaterality when correcting for 
severity (Table 4). 

Neither the effect of severity when 
correcting for bilaterality, nor the ef- 
fect of bilaterality when correcting for 





Table 3.—Outcome in 18 Patients 
With Head Injury, Vascular and 
Infectious Disease Related to Age at 
Onset, Cause, Severity of Lesion, and 
Type of Aphasia 


Variables Recovered Nonrecovered 


Age at onset 
<tly 
>11y 

Cause* 

Head injury 

Vascular 
disease / 
infection 

Severity of lesion 

Computed 
tomographic 
severe 

Computed 
tomographic 
nonsevere/ 

normal 

Type of aphasia 

Fluent 

Nonfluent 








* P < .01 for one-tailed Fisher's Exact Test. 


severity was significant (Fisher’s Ex- 
act Test P = .19, respectively 0.13). 


Type of Aphasia 


Fluent aphasia was present in four 
children (patients 2, 5, 9, and 16). This 
type of aphasia was not significantly 
associated with recovery (Table 3). It 
seems important that, in the two chil- 
dren who recovered (patients 2 and 5), 
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Table 4.—Outcome in 18 Patients With Head Injury, Vascular and Infectious Disease 
Related to Severity, and Bilaterality of Hemispheric Lesion * 


Variables 
Bilateral hemispheric lesion 8 (6 S + 2 NS) 
Left hemispheric lesion 10 (7 S + 3 NS) 





Nonrecovered 
7 (6S + 1 NS) 
5 (4S + 1 NS) 


Recovered 
1 (NS) 
5 (3S + 2 NS) 


* Severe (S) and nonsevere (NS): category 1 or 2, respectively, 3, and 4 or 5 of the rating scale for computed 


tomographic scans (Vargha-Khadem et al**). 


the aphasia was caused by head injury, 
a cause generally linked to a good 
prognosis. Conversely, an incomplete 
recovery was present in the two chil- 
dren with an unfavorable cause, ie, an 
infectious disease and vascular dis- 
ease, respectively. 


COMMENT 


The present study contradicts the 
common clinical belief that acquired 
childhood aphasia is usually of short 
duration. Our results demonstrate 
that, with the exception of a traumatic 
cause, none of the other studied vari- 
ables are unequivocally favorable or 
unfavorable for recovery. Often these 
variables are interrelated and the out- 
come will be determined by a complex 
interaction between a number of fac- 
tors. These factors are not discrim- 
inable at present because the cited 
studies on childhood aphasia include 
only small etiological groups that are 
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not comparable regarding the age at 
onset and severity of lesions. Despite 
these considerations, the diverging 
opinions about outcome can be ex- 
plained partially. In general, a good 
outcome may be expected if (mild) 
head injury is the cause, even when the 
aphasia is severe at onset.” On the 
contrary, a poor outcome is reported 
in a group limited to infectious dis- 
orders” or LKS.” In the present series 
we obtained similar findings. 

Our data demonstrate a relationship 
between severity of lesion and cause. 
Normal CT scans were found in all pa- 
tients with LKS. However, in nearly all 
patients with vascular or infectious 
disease, the CT scan was severely ab- 
normal, which would suggest that, in 
such cases, clinically manifested apha- 
sia is observed only when the lesion is 
extensive. 

The possibility that the intact right 
hemisphere has contributed to lan- 
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Primary Progressive Aphasia 


Longitudinal Course, Neuropsychological Profile, and Language Features 


Sandra Weintraub, PhD; Nan P. Rubin, MS; M.-Marsel Mesulam, MD 


è Four patients with the clinical syn- 
drome of primary progressive aphasia and 
a nonfluent aphasia profile were followed 
up over a period of 3 to 5 years. Extensive 
neuropsychological data for three pa- 
tients revealed a progressive, quantitative 
decline of language with relative stability 
of memory, visuospatial skills, and reason- 
ing. Comportment and most activities of 
daily living were preserved even when 
speech was unintelligible. Although sev- 
eral aphasia types may be associated with 
primary progressive aphasia, a nonfluent 
aphasia profile and phonemic paraphasic 
errors are most useful in differentiating it 
from the much more common clinical syn- 
drome, ‘‘probable Alzheimer’s disease.” 
The clinicopathological correlates of prob- 
able Alzheimer’s disease differ from those 
associated with primary progressive apha- 
sia. Therefore, the clinical distinction be- 
tween the two syndromes may be impor- 
tant for predicting the underlying patho- 
physiologic changes during the life of the 
patient. 

(Arch Neurol. 1990;47:1329-1335) 


The clinical syndrome of primary 

progressive aphasia (PPA) was 
originally described in six patients 
who experienced the insidious onset 
(usually in the presenium) and gradual 
worsening of aphasic symptoms over a 
period of 5 to 11 years.' In these pa- 
tients, memory, reasoning, insight, 
judgment, and comportment remained 
relatively preserved, and these pa- 
tients remained independent in activ- 
ities of daily living for many years. It 
was proposed that PPA (originally 
termed slowly progressive aphasia) 
represents a relatively selective left 
perisylvian degeneration and that its 
clinical profile is distinguishable from 
the more generalized, and usually am- 
nestic, dementia of probable Alzhei- 
mer’s disease (PRAD).* Additional ex- 
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amples of this syndrome have since 
been reported.” 

Positron emission tomographic 
studies have shown a selective reduc- 
tion of glucose metabolism in the left 
cerebral hemisphere (but not in the 
right) of two patients with PPA.’ One 
case studied with single photon emis- 
sion tomography also demonstrated 
physiologic alterations confined to 
the left cerebral hemisphere.’ None 
of the eight clinically clearcut cases 
for which neuropathologic data are 
available have shown the character- 
istic multifocal plaque-tangle con- 
centrations of Alzheimer’s disease 
(AD).'**#16 A ninth patient, albeit 
with a relatively more rapid course to 
a generalized dementia, did display 
these features.!' Although a clinical 
diagnosis of progressive amnestic de- 
mentia (ie, probable Alzheimer’s dis- 
ease) has a high likelihood of being as- 
sociated with multifocal plaque-tangle 
concentrations at autopsy," a clinical 
diagnosis of PPA appears to be associ- 
ated with this pathologic condition in 
only a minority of cases. 

Several aspects of clinical research 
on PPA need further exploration. 
First, it has been argued that the 
observed language deficits do not occur 
in isolation but are, instead, accompa- 
nied by more widespread cognitive 
impairment." Second, longitudinal 
study is necessary to document the 
progressive nature of the language 
impairment and the relative stability 
of nonverbal cognitive abilities and 
activities of daily living. A third issue 
is whether or not at least some cases of 
PPA can be associated with a distinc- 
tive pattern of language deficits that 
differentiate it from the aphasia ac- 
companying other degenerative dis- 
eases, including the typical forms of 
Alzheimer’s disease (AD). 

We previously presented a brief ret- 
rospective account of formal neuropsy- 
chological test findings in two of our 
original patients, indicating that rea- 
soning, memory, and visuospatial 
functions were in the normal, even su- 
perior, range despite these patients’ 
severe aphasia.” In this article, we 
present a longitudinal, prospective fol- 
low-up study of four additional cases 
of PPA distinguished by a nonfluent 
aphasia profile. 


PATIENTS AND METHODS 
Patients 


Four consecutive patients with a clinical 
diagnosis of PPA and a nonfluent aphasia 
profile were examined. In addition to the 
standard criteria for the diagnosis of a de- 
generative dementia,’ the following fea- 
tures were required to make the initial di- 
agnosis of PPA: (1) at least a 2-year history 
of progressive decline of language; (2) 
prominent language deficits on testing with 
normal or relatively preserved perfor- 
mance on tests of other mental functions; 
and (3) independence in activities of daily 
living. 

Longitudinal Assessment 


The patients with PPA were given se- 
lected subtests of the Boston Diagnostic 
Aphasia Examination (BDAE)”; the Bos- 
ton Naming Test”; and the Token Test, part 
V.” Other tests included selected subtests 
from the Wechsler Adult Intelligence 
Scale-Revised* and the Wechsler Memory 
Scale”; Raven’s Progressive Matrices,” Vi- 
sual-Verbal Test (the 33 items requiring a 
shift in object selection), Judgment of Line 
Orientation Test,” Facial Recognition 
Test,” Hooper Visual Organization Test,” 
Rey Auditory Verbal Learning Test” (trial 
V), Three Words-Three Shapes Test,” and 
the Shipley-Hartford Institute of Living 
Scale.” Not all patients received the same 
set of tests in each session, either because of 
the severity of the aphasia or time con- 
straints. However, for several tests compa- 
rable information-on all patients existed. 

Table 1 presents selected longitudinal 
test scores at annual examinations for cases 
1 through 3. Patient 4 was only seen once 
due to travel limitations. The language ex- 
amination was administered annually. In 
each of the other categories of behavior, at 
least one test was administered over all of 
the years of study, with the exception of 
patient 2. The percentage of change (initial 
test score minus last test score divided by 
initial test score) was calculated for each 
test for each patient and represented in 
graph form (Figs 1 through 3). Because of 
the numerical properties of the data and 
the sample size, statistical analyses were 
not attempted. 


Naming Errors: PPA vs PRAD 


Even in the earliest examinations, we 
observed the frequent occurrence of phone- 
mic paraphasic errors in the speech of our 
patients. This type of error is rarely re- 
ported in patients with language deficits 
associated with an amnestic dementia.” 
To highlight this difference, we compared 
the naming errors made by patients 1 
through 3 with those made by three pa- 
tients with a clinical diagnosis of PRAD 
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based on accepted criteria? who were 
matched for age and total score on the Bos- 
ton Naming Test. Errors were coded ac- 
cording to the following categories: (1) se- 
mantic substitution (a word similar to the 
target in meaning, eg, “airplane” for 
“helicopter”); (2) phonemic paraphasia 
(substitution, omission, or transposition of 
one or more sounds in the target word, eg, 
“optopus” for “octopus”); (3) perceptual er- 
ror (erroneous recognition of the target 
picture, eg, “roof” for “pyramid”); (4) cir- 
cumlocution (explanation of the function of 
the target object or descriptive informa- 
tion, eg, “You brush your teeth with it” for 
“toothbrush”); and (5) other (“Don’t know” 
or no response). 


REPORT OF CASES 


Case 1.—At the age of 47 years, a strongly 
right-handed industrial relations executive 
was aware of trouble pronouncing and find- 
ing words while giving public addresses. 
Over the next 5 years, his symptoms wors- 


ened and problems with oral reading and 
writing emerged. At the age of 52 years, he 
was referred to our clinic, 5 years after the 
onset of symptoms. 

Computed tomographic scans and an 
electroencephalogram were unremarkable. 
Positron emission tomographic studies per- 
formed 2 years after his initial examination 
revealed reduced glucose metabolic activity 
in the left parietotemporal region but not in 
the right cerebral hemisphere (case 2 of 
reference 5). 

Test scores from initial and follow-up 
examinations are depicted in Table 1, and 
change in scores over time is represented in 
Fig 1. In the initial examination, the patient 
was meticulously groomed and fully ori- 
ented. Elementary neurologic examination 
was remarkable only for a very mild right 
facial weakness, not detected in subsequent 
examinations. Spontaneous speech was 
well articulated but marked by occasional 
hesitation, minor syntactical errors, and 
phonemic and semantic paraphasias. The 


oral description of the Cookie Theft picture 
from the BDAE” appears in Fig 4. Repeti- 
tion and oral reading were only mildly im- 
paired. Confrontation naming contained 
phonemic paraphasic errors. Auditory and 
reading comprehension and writing were 
relatively intact, but the patient com- 
plained that he had difficulty composing 
letters. Buccofacial and limb apraxia were 
absent. Performance on tests of memory, 
reasoning, calculations, and visuospatial 
skills was within the normal range. Insight, 
judgment, comportment, and effectiveness 
in most activities of daily living were unaf- 
fected. 

Over the next 5 years, language functions 
declined. In the most recent examination 
(ie, 9 years after onset), spontaneous speech 
was marked by frequent hesitation, para- 
phasias, less-sophisticated syntax, and 
more grammatical errors. The dramatic 
change is apparent in the patient’s oral de- 
scription of the Cookie Theft picture (Fig 4). 
Narrative writing reflected a similar pat- 


Table 1.—Longitudinal Neuropsychological Test Scores 


Time from onset, y 


Auditory Comprehension 
(Token Test, part V) (23) 
Repetition (BDAE) 
Words (10) 
Sentences (10) 





Oral Reading (BDAE) 
Words (10) 


Sentences (16) 
Boston Naming Test (60) 
Word Fluency 
Animal Naming in 60 s—(BDAE) 
Reading Comprehension (BDAE) 
Sentences (10) 
Praxis 
Buccofacial (7) 
Limb (8) 








Memory 
Orientation (10/11) 


Design Recall (6-8/ 13) 


Rey Auditory Verbal Learning Test 
(Trial V) (13-15 / 15) 


Three Words- Three Shapes Test (5/6) 
Visuospatial Tests 
Line Orientation (20-26 / 30) 
Facial Recognition (41-54) 
Hooper Visual Organization Test 
(20-30) 
Reasoning Tests 
Raven's Progressive 
Matrices (25-34/60) 


Case No. 





Language Test Scores* 


17 18 21 

















Nonlanguage Test Scorest 


11 11 11 11 





Shipley-Hartford 

Institute of Living Scale 
Conceptual Quotient (90-110) 

Visual-Verbal Test (28-31 /33) 


* Numbers in parentheses beside each test indicate maximum score. For language and nonlanguage test scores, NA indicates not administered. BDAE indicates Bos- 


ton Diagnostic Aphasia Examination. 

















+Numbers in parentheses beside each test indicate range of normal performance for individuals 45 to 65 years of age. Number following slash is the maximum score. 
Normative data are not available for the shortened version of the Visual-Verbal Test reported here but the expected range is approximated from available norms. 
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tern of deterioration. Confrontation nam- 
ing and repetition were more impaired as 
well, but auditory comprehension was im- 
paired only for complex grammatical struc- 
tures. 

With few exceptions and no consistent 
pattern, scores on tests of reasoning, non- 
verbal memory, and visuospatial skills did 
not assume the course of deterioration over 
time seen in language (Table 1 and Fig 1). 
To circumvent his increasing speech limi- 
tations in daily activities, he carried a set of 
laminated index cards with written instruc- 
tions for a number of commonly encoun- 
tered situations, such as directing a cab 
driver. He continued to make his own long- 
distance travel arrangements for annual 
visits to the clinic. Social graces were pre- 
served. He remained concerned and appro- 
priately saddened by his condition. Because 
of increased difficulty with communication, 
he was forced to retire, 9 years after the 
onset of symptoms. 

Case 2.—At the age of 56 years, a right- 
handed banking executive began to experi- 
ence word-finding difficulty that gradually 
progressed over the next 2 years and inter- 
fered with his work responsibilities. His 


wife reported that he was occasionally tear- 


ful over his condition but otherwise had no 
personality changes. Neurologic consulta- 
tion was sought 2 years after onset. 

The computed tomographic scan was nor- 
mal, as was the electroencephalogram. 

Test performance in initial and follow-up 
examinations is represented in Table 1 and 
Fig 2. The initial elementary neurologic ex- 
amination showed normal findings. He was 
well-dressed, alert, fully oriented, and in- 
sightful about his situation. Auditory com- 
prehension was intact. Spontaneous speech 
was distinctly abnormal with nonfluent 
output, mild dysarthria, and frequent, pre- 
dominantly phonemic, paraphasias. Gram- 
matical form was impoverished and limited 
to simple declaratives and stereotypic ut- 
terances. The oral description of the Cookie 
Theft picture appears in Fig 4. Repetition 
and oral reading were impaired. Confronta- 
tion naming contained frequent phonemic 
paraphasias. Reading comprehension was 
only mildly compromised. Spontaneous 
writing paralleled speech, but sentences to 
dictation were written relatively well. 
Apraxia was not present. Performance on 
tests of reasoning, memory, and visuospa- 
tial skills (except Judgment of Line Orien- 
tation) was within the normal range with 
no evidence of the degree of abnormality 
observed in language. He was on medical 
leave of absence from work because of his 
communication difficulties, but activities of 
daily living were otherwise unaffected. 

Examination a year later showed rela- 
tively little objective change. Because of his 
communication difficulties, however, the 
patient had been forced to retire but con- 
tinued to manage the finances of his family 
and those of a close friend. Moreover, he 
expanded his interest in gardening, suc- 
cessfully cultivating species not indigenous 
to his region. 

In the last examination, speech was se- 
verely nonfluent, agrammatic, dysarthric, 
and paraphasic. At times it was unintelli- 
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% Change 


% Change 





Tests of Language and Related Functions 








W Auditory Comprehension 
BZ Repetition-Words 

ES Repetition-Sentences 

KA Oral Reading-Words 

DE Oral Reading-Sentences 
J Confrontation Naming 

EB Word Fluency 

Reading Comprehension 
 Praxis-Buccofacial 

C] Praxis-Limb 


Mi Calculation 


Tests of Nonlanguage Functions 


MB Memory-Orientation 
Memory-Design Recall 
Memory-RAVLT 
Memory-3W3S 

O Line Orientation 

W Facial Recognition 

E Hooper. VOT 

El Reasoning-Raven‘s Matrices 
fa Reasoning-Shipley 

O Reasoning-Visual/ Verbal 











Fig 1.—Percent of change from the first to the last administration of language and nonlanguage 
tests for patient 1. Refer to Table 1 for raw scores. RAVLT indicates Rey Auditory Verbal Learning 
Test; 3W3S, Three Words-Three Shapes Test; Hooper VOT, Hooper Visual Organization Test; 
Raven's Matrices, Raven’s Progressive Matrices; Shipley, Shipley-Hartford Institute of Living 


Scale; and Visual/Verbal, Visual-Verbal Test. 


gible, but the patient was often able to 
communicate his needs with rudimentary 
writing. His oral description of the Cookie 
Theft picture appears in Fig 4. Writing both 
spontaneously and to dictation declined in 
parallel to spontaneous speech. Deteriora- 
tion was also noted in repetition, praxis, 
and confrontation naming. Comprehension 
was impaired only for complex grammati- 
cal constructions. Reading comprehension 
was mildly impaired. 

With the exception of Raven’s Progres- 
sive Matrices,” memory, reasoning, and 
visuospatial test scores did not change over 
time and, by the final examination, some 
test scores were higher than they had been 
in the initial examination. Results from an 
elementary neurologic examination re- 


mained unchanged with the exception of - 


bilateral dystonic posturing of the upper 
limbs on complex gait. Insight, judgment, 
and comportment were maintained, and he 
continued to offer sound financial advice to 
his family and friends. He made use of a 
communication notebook to enhance par- 
ticipation in conversations. 

Case 3.—At the age of 40 years, a right- 
handed nursing professor and therapist ex- 
perienced mild word-finding difficulties in 


the course of writing her doctoral disserta- 
tion. Four years later, in the wake of a series 
of tragic losses, these symptoms became 
very noticeable and gradually worsened. 
Her family did not report corresponding 
changes in personality and intellect. Her 
medical history was remarkable for rheu- 
matoid arthritis, endometriosis, fibrocystic 
breast disease, and treatment of breast 
eancer. Because of increasing difficulty de- 
livering lectures, she took a medical leave of 
absence and sought neurologic consultation 
2 years later (6 years after the first sign of 
word-finding difficulty). 

Computed tomographic and magnetic 
resonance scans both showed nonspecific 
bifrontal atrophy, greater on the left side. 
Auditory evoked responses showed some 
abnormalities in the cortical wave, espe- 
cially in the left temporal region. 

Examination findings are depicted in Ta- 
ble i and Fig 3. Results from the initial el- 
ementary neurologic examination were no- 
table only for diminished swing of her right 
arm and bilateral posturing of her upper 
limbs on complex gait. She was well- 
groomed, and orientation and-comportment 
were normal. Comprehension of spoken 
language was intact. Spontaneous speech 
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Tests of Language and Related Functions 






% Change 


% Change 





- 


B Auditory Comprehension 
BZ Repetition Words 

Bi Repetition-Sentences 
Oral Reading-Words 

E Ora! Reading-Sentences 
W Confrontation Naming 
EB Word Fluency 
Reading Comprehension 
GZ Praxis-Buccofacial 

C Praxis-Limb 

W Calculation 


Il Memory-Orientation 
Memory-3'N3S 
E Line Orien-ation 





Facial Recognition 

EI Hooper VOT 

Ml Reasoning-Raven's Matrices 
Ea Reasoning-Shipley 


Reasoning-Visual/ Verbal 





Fig 2.—Percent of change from the first to the last administration of language and nonlanguage 
tests for patient 2. Refer to Table 1 for raw scores. 3W3S indicates Three Words-Three Shapes 
Test; Hooper VOT, Hooper Visual Organization Test; Raven’s Matrices, Raven’s Progressive Ma- 
trices; Shipley, Shipley-Hartford Institute of Living Scale; and Visual/Verbal, Visual-Verba!l Test. 


was dysprosodic with occasional parapha- 
sic errors, phonemic more than semantic. 
Grammatical form was simplified with nu- 
merous morphosyntactic errors. Dysar- 
thria was not present. The oral description 
of the Cookie Theft picture appears in Fig 
4. Repetition and oral reading were moder- 
ately impaired at the sentence level. Con- 
frontation naming was relatively intact. 
Reading comprehension was good at the 
paragraph level. Praxis was normal with 
the exception of her inability to execute the 
command “cough,” for which the patient 
repeatedly uttered “Cough, cough.” Narra- 
tive writing paralleled spontaneous speech, 
but sentences written to dictation con- 
tained only minor errors. Reasoning, mem- 
ory, and visuospatial test scores were in the 
superior range. 

One year later, evidence was present for 
a significant decline of speech and language 
functions, and the patient was forced to re- 
sign her teaching post. However, she re- 
mained very active as a member of several 
institutional boards and as a volunteer 
worker. The patient was motivated to learn 
functional sign language and, although it 
was not entirely normal, it allowed her to 
effectively communicate with deaf friends. 
Performance in other areas of testing re- 
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mained unchanged, as were the results 
from the neurologic examination. 

Two years later, marked deterioration in 
the patient’s ability to communicate was 
noted. With the exception of reading com- 
prehension, the other language test scores 


- decreased by at least 70%. Spontaneous 


speech was palilalic and, except for the rare 


occurrence of a clearly articulated word, | 


unintelligible. Her oral description of the 
Cookie Theft picture appears in Fig 4. She 
augmented speech with writing and was 
often able to communicate her ideas by 
writing words and short phrases. Narrative 
writing, however, was even more tele- 
graphic than in the past. Deterioration was 
also noted in repetition, oral reading, bue- 
cofacial praxis, and confrontation naming. 
Neuropsychological test scores for memory, 
reasoning, and visuospatial functions, with 
the exception of the Facial Recognition 
Test, remained above averege to superior. 

Insight, judgment, and comportment re- 
mained intact and the results from the el- 
ementary neurological examination re- 
mained unchanged. She continued to be ac- 
tively involved with her ckurch and with 
the hearing-impaired community. Her 
signing was functional but further simpli- 
fied. She purchased a teletype system so 


that she could maintain telephone contact 
with her siblings. 

Case 4.—At the age of 74 years, a right- 
handed retired judge began experiencing 
word-finding difficulty that gradually wors- 
ened over the next 5 years. Nonetheless, he 
continued to pursue his hobby of photogra- 
phy and remained an active member of the 
Rotary Club. No changes in personality or 
intellect were reported. His medical history 
was remarkable for surgery for varicosi- 
ties, an atrioventricular block, and sinus 
bradycardia. He was referred for examina- 
tion 5 years after the onset of symptoms. 

The computed tomographic sean and 
electroencephalographic findings were con- 
sistent witn his age. 

The results from an elementary neuro- 
logic examination were negative with the 
exception of a bilateral action tremor. He 
was fully oriented, well-groomed, and ap- 
propriately concerned about his situation. 
Spontaneous speech was characterized by 
frequent ard prolonged hesitation, palila- 
Ha, and mild dysarthria. Grammatical form 
was preserved. Repetition and oral read- 
ing were mildly impaired, and simple con- 
frontation naming was intact. Auditory 
and reading comprehension were mildly 
affected for complex material. Writing 
contained spelling errors. Praxis was nor- 
mal, 

On selected subtests of the Wechsler 
Adult Intelligence Scale-Revised’> (Infor- 
mation, Similarities, Block Designs, and 
Vocabulary), age-corrected scaled scores 
ranged from 10 to 14 (average to high aver- 
age). The Memory Quotient on the Wechsler 
Memory Scale*® was 99 when calculated 
with reference to the oldest age group for 
that standardization sample (60 to 64 
years). 

Four years later, the patient and his wife 
were contacted by telephone. At that time, 
speech was severely limited, and he was 
able only to state his name, age, and the 
date. Comprehension was not tested in de- 
tail but was adequate for simple conversa- 
tion. His wife’s responses to a questionnaire 
about his activities of daily living were ob- 
tained. He remained entirely independent 
in all self-care activities (grooming, eating, 
and taking medications), continued to make 
repairs around the house, attended Rotary 
Club meetings, pursued his hobby of pho- 
tography, and traveled to China with his 
wife. 

In a telephone interview conducted 1 year 
later (10 years after onset and at the age of 
84 years), his wife reported unrelenting de- 
terioration in her husband’s condition. He 
had been reduced to mutism. Despite this, 
he continued to be independent in activities 
of daily living, including helping with 
housework and attending Rotary Club 
meetings. However, his eating habits had 
become sloppy, and he was less concerned 
about tidiness around the home, but no 
other changes in personality were ob- 
served. 


RESULTS OF 
NAMING ERROR ANALYSIS 


The severity of the naming deficit 
was equivalent in the two groups as 
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Fig 3.—Percent of change from the first tó the 
last administration of language and nonlan- 
guage tests for patient 3. Refer to Table 1 for 
raw scores. RAVLT indicates Rey Auditory 
Verbal Learning Test; 3W3S, Three Words- 
Three Shapes Test; Hooper VOT, Hooper Vi- 
sual Organization Test; Raven’s Matrices, 
Raven's Progressive Matrices; Shipley, Ship- 
ley-Hartford Institute of Living Scale; and Visu- 





Tests of Language and Related Functions 


à 


E Auditory Comprehension 
Repetition-Words i 
Repetition-Sentences 
Oral Reading-Words | 
O oral Reading-Sentences 


al/Verbal, Visual-Verbal Test. 


judged by the ratio of erroneous at- 
tempts to the total number of targets 
missed and by the fact that no single 
item on the Boston Naming Test” was 
associated with a higher error fre- 
quency than the others. 

Table 2 compares the frequency of 
error types on the Boston Naming 
Test? made by the two groups of pa- 
tients (x? [4] = 51.07, P < .0001). While 
both groups of patients had a similar 
proportion of semantic substitutions, 
they differed from one another with 
respect to the proportion of phonemic, 
perceptual, and circumlocutory errors. 
The patients with PRAD had more 
circumlocutory and perceptual errors, 
while those with PPA made more pho- 
nemic paraphasic errors, few circum- 
locutions, and no perceptual errors. 


COMMENT 


Quantitative, longitudinal examina- 
tion of patients with a nonfluent sub- 
type of PPA and a comparison of their 
naming performance with that of pa- 
tients fulfilling established criteria for 
the diagnosis of PRAD have led to the 
following conclusions: (1) the language 
deficit in PPA is progressive, with a 
time course that can range from 5 to 
10 years, leading to the almost total 
dissolution of language function; (2) 
memory, other cognitive functions, 
comportment, and activities of daily 
living (except for those that-primarily 
depend on language functions) remain 
relatively preserved until late in the 
course of the disease; and (3) with re- 
spect to naming, the prominence of 
phonemic errors distinguishes | pa- 
tients with nonfluent forms of PPA 
from those with naming deficits in the 
context of the fluent aphasias associ- 
ated with PRAD. 

The involvement of morphosyntac- 
tic and phonologic features in these 
four patients with PPA stands in 
sharp contrast with the selective im- 
pairment of lexical and semantic as- 
pects of language frequently observed 
in patients with a clinical diagnosis of 
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GASES 


S Yere Post Onset: 


min the picture we have a boy ready to fail 

off the stool while he is getting cockies from 

the cookie Jar, and the girl starding behind her 

on the floor is...is say “keep qite" so that 

the mother doesn’t see whether the cookies are 
going. The mother’s working at che kitchen 

looking out the wirdow....wesh...ah...driving plate. 
The water faucet ie open - the water fs going 

onto the floor.” 


9 Years Post Onset: 


"This is a picture of a waman..un ....Who’B...uh.. 
loakin’ out the ..eh..win...uh,..windshie..uh.. 
windind end..uh....in the kitchen.  And..uh..he’s.. 
uAClong pause)... she‘s..oh...he’s dry, she is dryin’ 
the..uh. plete white the water {2 comin’ out from the 
ssu...0h..{long pause). The water goin on the floor 
„fron the k-kitchen whatever it is. Sehide her... 
thera’re boy ls..it trying to goke up on the-the top 
of the...drawer for co-co-co. .coke.eh..standing on a 
stool... Which wooks...tooks ft will falls...as.. 
This. the girl is there waking, waiting for the 


cookie, cookuk. 




















6 Years Post Onset: 


F Years Post Onset: 


E Confrontation Naming © 
E- Word Fluency 

Reading Comprehension 
[4 Praxis-Buccofacial 

oO Praxis-Limb 

E Calculation 


E Memory-Orientation 





Memory-Design Recall 
Memory-RAVLT 
Memory-3W3S 

[O Line Orientation 

E Facial Recognition 

E Hooper VOT . 
Reasoning-Raven's Matrices 
El Reasoning-Shipley 


O Reasoning-Visual/ Verbal 








Z Years Post Onset: 


“ah....the kids in the cookie jar. The boy is 

falling over. The sink is stopped up. Water 
flowning on the ....fall on the floor. It's summer . 
time. The window is open. She's washing dishes ond © 
drying dishes, 


é Years Post Onset: 


athe vashin..fell...the. laid. .weth...oh,...chemey 
..chianey. .durote "ching}® The spickin...goin,.elipping... 
off...on the floor. the...bee...{wrote "boy)* The 
bee. ..seep...stip,..slip..chair, Girt is,.cookies.* 

: 


3 
* Due to severe dysarthria, the patient was permitted to 
write words that were unintelligible. 


case 3 


“this is a crisis situation. Rother not watching 
the children. Boy goes up on the stool has a cookie 
in his hard and falling off the stool, Girt wants 
the cookie from his - her brother ard the sink is 
overflowing." 


Pyha.. CO. CO.. ih. cookie.. Uha, 53. U. 89.. 5.38nd. 
.-babuh, babuh [unintelligible] (patient pointed to the 
curtain). Sh..sh..sh... (unintelligible) (pointed to dishes) 
and call..uh.,cup and ..un..ca,.ca..cu. cuya..uh window. un 
fall, fafa.. falling (pointed to the boy falling). Uhm.. 
apert (pointed to the apron). 5.#..ssshow (pointed to the 
girt). 


Fig 4.—Oral descriptions of the Cookie Theft 
picture from the Boston Diagnostic Aphasia 
Examination®* taken from the initial and most 
recent examinations of patients 1 through 3. 
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Table 2.—Comparison of Error Types on the Boston Naming Test* 


Percentage of Error Types in Naming 


Erroneous 


Boston Naming Test 





Semantic 
Substitution 


Score, 


Attempts, 
Total 


Phonemic 
Paraphasia 


Perceptual Circumlocution Other 





Primary progressive aphasia 


(N = 3) g 53 21 (11) 


62 (33) 


0 6 (3) 11 (6) 





Probable Alzheimer’s disease 
(N = 3) 73 





32 (23) 8 (6) 


44 (32) 8 (6) 


* Numbers in parentheses represent the raw number of errors in each category. The error distribution differs significantly between the two groups (y7[4] = 51.07, 


P < .0001). 











Fig 5.— The relationship between clinical and pathologic planes is illustrated by the thickness of 
the lines drawn between each level. Autopsy-verified cases have shown that the clinical diagnosis 
of probable Alzheimer’s disease (PRAD) is highly associated with the multifocal plaque-tangle 
clusters that typify Alzheimer’s disease (AD) (thick line) and less often associated with Pick’s dis- 
ease (Pick's) and cortical Lewy bodies (LBD) (thin lines). A clinical diagnosis of primary progres- 
sive aphasia (PPA), in contrast, has so far been predominantly associated with nonspecific find- 
ings of neuronal loss, spongiform degeneration and gliosis (focal atrophy), less often with Pick’s 
disease and, in,only one case, with Alzheimer’s disease. An association with cortical Lewy bodies 


(dotted line) has not yet been demonstrated. 


PRAD." It is our impression that 
patients with PPA can have any type 
of aphasia, whereas patients with 
PRAD almost always have a fluent 
aphasia of the anomic, transcortical 
sensory, or Wernicke’s type. 
Therefore, the one aphasic subtype 
that most clearly differentiates the 
two clinical syndromes is a nonfluent 
(Broea’s or transcortical motor) type, 
since this is almost never reported in 
PRAD but is quite frequent in PPA. 
In patients with fluent aphasias 
from focal lesions in the left hemi- 
sphere, nonverbal test performance 
can often be compromised, although 
these patients cannot be considered to 
have a dementia or bihemispheric 
disease.*”** Consequently, in patients 
with PPA and fluent aphasia types 
that are attended by comprehension 
deficits the disease process may spuri- 
ously appear more widespread than it 
is. In fact, Poeck and Luzzatti," who 
questioned the selective involvement 
of language in PPA, described three 
patients, all of whom had fluent apha- 
sias with impairment of comprehen- 
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sion and the lexical/semantic features 
of language. We specifically identified 
only patients with PPA with nonfluent 
aphasia and relative preservation of 
lexical/semantic processing, since this 
subgroup most clearly illustrates the 
selectivity of the disease process and 
its differentiation from the customary 
clinical presentation of PRAD. 

Throughout the course of the dis- 
ease, even very aphasic patients with 
PPA seem to have an ability to make 
themselves understood, by signing if 
they cannot talk, or by writing and by 
using appropriate circumlocutions. 
They can make use of compensatory 
devices such as communication cards 
and notebooks. Furthermore, they 
maintain motivation and acquire new 
skills and hobbies even as language 
functions keep deteriorating. This is 
similar to the observations of patients 
with aphasia from focal lesions” but 
differs from patients with PRAD who, 
when aphasic, do not seem to be adept 
at communication and who almost al- 
ways show a gradual decline of moti- 
vation. 


The clinical diagnosis of PPA can be 
made with greater confidence if the 
initial course is indolent and if the in- 
terval between onset and severe lan- 
guage difficulty is in the order of 3 
years or more. A more rapid course 
makes it more difficult to differentiate 
the clinical picture of PPA from that of 
PRAD presenting with aphasia. Some 
patients who are later diagnosed as 
having AD may present with aphasia, 
but this is accompanied by other cog- 
nitive difficulties within a year or two. 
If patients with PPA are followed up 
for very long periods of time into the 
terminal stages of their illness, it is 
quite likely taat other cognitive and 
comportmental difficulties will be 
identified.’ This is not peculiar to PPA 
but is characteristic of all end-stage 
disease. The end stages of supranu- 
clear ophthalmoplegia and Parkin- 
son’s disease may both show pro- 
nounced rigid immobility, even though 
the two diseases are completely differ- 
ent entities based on the initial course. 

The imaging studies performed rel- 
atively early in the course of the illness 
did not provide definitive evidence for 
asymmetrical abnormalities in the left 
cerebral hemisphere in the cases re- 
ported in this article. However, in two 
of Mesulam’s!' initial six cases, pro- 
gressive changes in the left temporal 
and parietal areas were observed on 
repeated computed tomographic 
scans. Thus, imaging studies may not 
always demonstrate asymmetries that 
are diagnostically useful, especially in 
the early stages of the illness. 

Primary progressive aphasia and 
the cluster designated as PRAD are 
clinical syndromes, not diseases. Fig- 
ure 5 schematically represents the re- 
lationship between the clinical and 
pathologie planes. The clinical syn- 
drome of PRAD includes amnesia at 
its core and a pervasive impairment of 
activities of daily living. It is fre- 
quently (up to 70% of the time) associ- 
ated with the pathologic disease entity 
known as AD and is defined by multi- 
focal concentrations of plaques and 
tangles.” However, PRAD can also be 
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associated with other neuropathologic 
entities, including Pick’s disease, cor- 
tical Lewy bodies, and nonspecific 
changes. 185 

The clinical syndrome of PPA, in 
contrast with PRAD, is characterized 
by a relative preservation of memory 
and activities of daily living in the face 
ofan indolent but relentlessly progres- 
sive aphasia. At the neuropathologic 
plane, PPA has been described in the 
context of Pick’s disease,'*'* focal left 


-perisylvian-frontal atrophy,'* and, 


less frequently, AD.” Thus, PRAD and 
PPA are both clinical syndromes of 
progressive cognitive alterations. The 
characteristic clinical profile of each 
corresponds to a distinctly different 
set of probabilities for associated 
neuropathology.” The diagnosis of 
PRAD indicates that the likelihood of 
an underlying pathophysiologic pro- 
cess based on plaques and tangles is 
very high, whereas the diagnosis of 
PPA indicates that this likelihood is 
very low. Especially at a time when in- 
dependent biological markers for the 
underlying disease process are not 
available, the identification of clinical 
syndromes is of considerable heuristic 
value for predicting the possible na- 
ture of the underlying pathophysiolo- 
gy, for designing treatment, for coun- 
seling patients and caregivers, and for 
prognosis. 
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Plasticity in the Aging Brain 


Reversibility of Anatomic, Metabolic, and Cognitive Deficits in 
Normal-Pressure Hydrocephalus Following Shunt Surgery 


Jeffrey A. Kaye, MD; Cheryl L. Grady, PhD; James V. Haxby, PhD; Angela Moore, MSW; Robert P. Friedland, MD 


è The course of idiopathic normal-pres- 
sure hydrocephalus was studied in a 78- 
year-old woman with a 4-year history of 
progressive dementia who underwent neu- 
ropsychologic testing, quantitative x-ray 
computed tomography, magnetic reso- 
nance imaging, and positron emission to- 
mography with fludeoxyglucose F 18 to mea- 
sure rates of regional cerebral glucose 
utilization. Preshunt cognitive testing dem- 
onstrated progressive deterioration dur- 
Ing 2 years, and positron emission tomog- 
raphy showed significant reductions in re- 
gional cerebral glucose utilization of 34% 
to 49% as compared with age-and sex- 


The syndrome of normal-pressure 

hydrocephalus (NPH) consists of 
progressive dementia, gait distur- 
bance, and urinary incontinence, asso- 
ciated with ventricular enlargement 
and normal cerebrospinal fluid pres- 
sure measured in the lumbar sub- 


arachnoid space.!? Normal-pressure ` 


hydrocephalus is an important treat- 
able cause of dementia; cerebrospinal 
fluid shunt surgery improves or res- 
verses the syndrome in up to 80% of 
selected cases.™ Unfortunately, selec- 
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matched control subjects in frontal, tem- 
poral, parietal, and whole brain regions. 
Periodic testing, carried out during a 2- 


year period after shunt surgery, showed | 


steady improvement in clinical status. Par- 
allel to the clinical changes, there was a 
significant reversal in neuropsychologic 
test scores with increased brain volume 
and increased regional cerebral glucose 
utilization in several brain regions. These 
results documented the considerable po- 
tential for recovery of compromised brain 
function in older subjects even after 
4 years of progressive brain disease. 
(Arch Neurol. 1990;47:1336-1341) 


' tion of those cases responsive to sur- 


gery is currently an inaccurate prc- 
cess, despite clinical and diagnostic 
criteria proposed to increase the prok- 
ability that shunt surgery will be of 
benefit. 

Better treatment criteria might be 
developed if the patkophysiology of 
the syndrome were urderstood. Most 
explanations of NPH suggest disrup- 
tion of neural function either through 
stretching of periventricular fibers’ or 
increased “transmantle pressure” (the 
pressure difference between the ven- 
tricular spaces and the subdural 
space)“ that results in brain compres- 
sion with compromised cerebral blood 
flow and axonal transport. These con- 
cepts are generally supported by re- 


. sults of studies that show reduced ce- 


rebral blood flow and oxygen utiliza- 
tion in NPH. However, focally 
decreased blood flow in regions pur- 
ported to undergo greatest compres- 
sion has not been demonstrated. Fur- 
thermore, a consistent relation of 


cerebral blood flow and oxygen utiliza- 
tion to a postshunt response has not 
been demonstrated. 

Cerebral metabolism in NPH has 
not been extensively studied. It has 
been addressed in a recent report" of 
regional cerebral metabolic rates for 
glucose (rCMRglc), as measured with 
positron emission tomography (PET) . 
using fludzoxyglucose F 18. In three 
cases of NPH, a global reduction in 
CMRgle was seen in contrast to 
CMReglc cases of probable Alzheimer’s 
disease in which focal, temporopari- 
etal reductions in glucose use were 
shown. However, two of these three 
patients with NPH had medical histo- 
ries complicated by other factors, with 


a history of multiple sclerosis'in one 


and alcohol abuse in the second. Fur- 
thermore, although each patient re- 
sponded to shunt surgery, no PET 
studies were performed after shunting 
to see if clinical improvement corre- 
lated with improvements in rCMRglc. 

We now report a case of NPH, 
studied longitudinally throughout 
4 years, with neuropsychologic tests, 
quantitative x-ray computed tomogra- 
phy (CT), magnetic resonance imaging 
(MRI), and PET with fludeoxyglucose 
F 18. Assessments were made before 
and after successful shunt surgery. 
The results were compared with those 
of studies performed in healthy 
controls." The remarkable and pro- 
longed improvement in anatomic, met- 
abolic, and behavioral impairments 
made by this patient have important 


implications for current concepts of | 


plasticity and the capacity for recov- 
ery of the aged brain. Preliminary re- 
ports of this work have been pre- 
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sented.’*3 The studies were performed 
after informed consent was obtained. 


METHODS 


The patient was a 78-year-old woman 
who initially was referred to the Aging and 
Memory Clinic of the Laboratory of Neuro- 
sciences in the Clinical Center, National 
Institutes of Health, Bethesda, Md, with 
failing memory and concentration; the clin- 
ical signs of NPH had developed in the pa- 
tient. Twelve age-matched healthy women 
were selected for comparison with the pa- 
tient. Selection criteria for the control sub- 
jects have been previously described." All 
studies were performed after informed con- 
sent was obtained from the patient and 
family. 


CT Scanning 


X-ray CT scans were obtained without 
contrast, with the use of a CT scanner (8800, 
General Electric Corp, Milwaukee, Wis). 
The CT slices were oriented parallel to the 
externally defined inferior orbitomeatal 


line. Each slice was 10 mm thick, with an - 


interslice interval of 7 mm. Ventricular 
volumes were determined by a semiauto- 
mated computer procedure described in de- 
tail elsewhere.'5"6 


MRI Scanning 


The MRI scans were obtained on a 0.5-T 
cryogenic scanner (Picker International, 
Cleveland, Ohio). Sixteen contiguous, 10- 
mm-thick transverse slices, oriented paral- 
lel to the inferior orbitomeatal line, were 
imaged by using a spin-echo technique 
(repetition time=2000 milliseconds), echo 
time=80 milliseconds). 


PET Scanning 


The first two PET scans were obtained on 
an ECAT II positron tomograph machine 
(ORTEC, Inc, Life Sciences Division, Oak 
Ridge, Tenn), which has an in-plane resolu- 
tion of 1.7 em (full width at half maximum). 
For ECAT II scans, 30 minutes before 
injecting fludeoxyglucose F 18, the eyes 
were covered, and the ears were occluded 
with cotton. An intravenous injection of 
5 mCi of fludeoxyglucose F 18 then was 
made. Forty-five minutes after injection, 
seven serial slices were obtained parallel to 
the inferior orbitomeatal line with 14 mm 
(center to center) between each slice. Im- 
ages were corrected for attenuation with a 
standard ellipse. Regions of interest were 
analyzed as previously described.'’ Post- 
shunt PET scans were obtained on a 
positron tomograph, (PC1024-7B, Scan- 
ditronix, Uppsala, Sweden), which produces 
seven simultaneous slices with an in-plane 
resolution of 6 mm (full width at half max- 
imum). The procedure used was the same as 
before, except that transmission scans were 
obtained before the fludeoxyglucose F 18 
study, to correct emission scans for attenu- 
ation. Fourteen slices were obtained paral- 
lel to the inferior orbitomeatal line, sepa- 
rated by an interslice distance of 13.75 mm. 
Seanditronix data were analyzed in the 
same manner as were ECAT H data." 
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Neuropsychologic Testing 


In addition to the Mini-Mental State Ex- 
amination (MMSE),” all subjects were 
given the Wechsler Adult Intelligence 
Scale,” the Blessed Memory, Information, 
and Concentration Test (BMICT),” and the 
Mattis Dementia Segle.” Other tests in- 
cluded two delayed memory tests from the 
Wechsler Memory Scale,” the Syntax Com- 
prehension Test,* the Extended Range 
Drawing Test,” the Buschke selective re- 
minding test, and the Boston Naming 
Test. Tests of visuospatial function in- 
cluded the Block Patterns subtest of the 
Hiskey-Nebraska Test of Learning Ap- 
titude,” a test of facial recognition,” the 
Trail Making Test,” Raven’s Progressive 
Matrices,” the Stroop Color Word-Interfer- 
ence Task,” and the Porteus Maze Test. 
The Controlled Word Association Test® 
was also administered. 


REPORT OF A CASE 


A 78-year-old woman first was seen in our 
clinie in June 1984, with a 4-year history of 
progressive cognitive decline. At that time, 
her daughters reported that beginning in 
1981, she had lost interest in hobbies and 
seemed “forgetful” and “slower in 
thought.” Two episodes of urinary inconti- 
nence in 1984 were attributed to stress. The 
patient was living alone, cooking, cleaning, 
and independently managing her financial 
affairs. She had a medical history of dry 


skin, mouth, eyes, and vaginal mucosa, but | 


serologic tests and results of a salivary 
gland biopsy did not support the diagnosis 
of Sjégren’s syndrome. She had been 
treated for these complaints with topical 
creams and artificial tears. No other medi- 
cations were taken. Other findings from the 
patient’s medical history included occa- 
sional headaches for about 8 years at the 
time of her menopause and mild osteoar- 
thritis. She had four normal vaginal deliv- 
eries and a tubal ligation after the fourth 
birth. There was no history of head trauma, 
intracranial infection, hypertension, car- 
diovascular disease, or stroke. 

The patient’s father died with Parkin- 
son’s disease. Her mother died at the age of 
75 years and may have been “senile.” The 
patient had a brother who died of a stroke 
at the age of 51 years and had a sister who 
was healthy at the age of 78 years. She had 
four daughters: two were healthy, and two 
had a history of schizophrenia. The patient 
had been a widow for 16 years. She gradu- 
ated from junior college and went to music 
school for 3 years. Since then, she had been 
a homemaker. She smoked a half pack of 
cigarettes per day for more than 50 years. 
She did not abuse alcohol or other drugs. 

On initial examination, the patient’s 
blood pressure was 154/88 mm Hg, with a 
regular pulse rate of 76 beats per minute 
and a normal orthostatic response. No ab- 
normalities were noted on general physical 
examination. On neurologic examination, 
the patient was alert, cooperative, and fully 
oriented. She was cheerful and showed lit- 
tle concern for her cognitive impairment. 
Memory was poor: two of three items were 
recalled after a 60-second delay, with fail- 
ure to remember new names presented at 


the beginning of the examination. Serial 
subtractions were only correct for two se- 
quences. Speech was fluent and grammati- 
cal. Language was normal with preserva- 
tion of reading and writing abilities. Con- 
structional ability was impaired with 
simplification of complex geometric forms. 
Her fund of knowledge appeared to be ap- 
propriate for her level of education. The 
MMSE score was 22 of 30, and the BMICT 
score was 22 of 37. The optic disks were 
normal, and venous pulsations were present 
in the optic cups. Findings from examina- 
tion of cranial nerves, axial and appendic- 
ular motor functions, reflexes, and sensory 
functions were normal. Gait mechanics 
were normal, but balance was poor. The 
complete blood cell count, serum chemistry 
values (sequential multiple analysis with 
computer), thyroid function tests results, 
vitamin B,, and folate concentrations, syph- 
ilis serology, and antinuclear antibody titer 
were all normal. An electroencephalogram 
and an electrocardiogram also were nor- 
mal. A noncontrast CT scan showed ven- 
tricular enlargement with periventricular 
lueencies. Cerebrospinal fluid examination 
revealed acellular fluid, with normal pro- 
tein and glucose concentrations. No im- 
provement in memory or other deficits was 
noted after removal of 30 mL of fluid. 

Six months later (1985), the patient’s 
ability to concentrate was further im- 
paired. Her apartment was in disarray. She 
continued to drive and had not gotten lost, 
but forgot where her car was parked. Uri- 
nary incontinence continued. On examina- 
tion, blood pressure was 170/90 mm Hg. The 
MMSE score was 21, and the BMICT score 
was 29 with prominent memory and con- 
structional difficulties. Balance remained 
impaired, and gait was performed with 
shortened step length and some shuffling. 
Muscle tone and reflexes were normal. A 
PET study was performed. The quantita- 
tive results of this and subsequent PET and 
CT scans, and psychometric testing, are de- 
seribed in the “Results” section. 

One year after the first examination, the 
patient was still living alone, but required , 
close supervision by her daughters. She 
stopped driving a car. Examination showed 
a blood pressure of 160/90 mm Hg. The 
MMSE score was 24, and the BMICT score 
was 29, Results of neurologic examination 
were unchanged, except for 4 broad-based 
gait and a complete inability to walk in 
tandem. 

One year eight months after the initial 
evaluation, the patient’s mental status had 
further deteriorated. She would get lost in 
her own neighborhood. Common household 
items frequently were misplaced. Gait was 
shuffling, and balance was poor. She had 
fallen without head injury. On examina- 
tion, the blood pressure was 160/82 mm Hg. 
The MMSE score was 18, and the BMICT 
score was 27. Digit span was five forward 
and three in reverse. None of three items 
could be recalled after a 60-second delay. 
She could not spell the word “world” back- 
ward. Constructions were more segmented 
and disorganized. Gait was performed with 
small steps and a widened base. She could 
not stand on one leg alone for more than a 
few seconds. A lack of concern about her 
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Mattis Dementia Scale”? 
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Controls 
(n = 8)t 
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“NPH indicates normal-pressure hydrocephalus; and DQ, deviation quotient. 
{Values are:given as mean + SD. 


Differs from control mean by more than 2 SDs. 
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illness was seen. A CT scan again showed an 
enlarged ventricular system with wide cor- 
tical sulci and basal cisterns. An MRI scan 
of the head with a T,-weighted sequence 
showed, in addition to ventriculomegaly, 
increased signal intensity in the periven- 
tricular white matter. A diagnosis of NPH 
was made. 

’ One year eleven months after the first 
examination, the patient underwent ven- 
triculoperitoneal shunt placement with in- 
sertion of a Hakim medium-pressure valve. 
The shunt was placed in the anterior horn. 

- of the right lateral ventricle. She made an 
excellént postoperative recovery. 

During the first month after shunt sur- 
gery, gradual improvement was seen in the 
patient’s mental status, urinary conti- 
nence, gait, and balance. The patient’s 
daughters noted improved attention and 
social interaction, but the ability to learn 
new information remained impaired. Psy- 
chometric tests and CT, MRI, and PET 
scans were repeated. 

One year after shunt surgery, continued 
improvement in the patient’s mental status 
was seen. Memory had improved, such that 
a new telephone number could be recalled 
after a 3-minute delay. The patient had be- 
gun to manage her own finances and shop- 
ping. She took long walks and did not get 
lost. Three hundred twenty-nine days after 


Fig 1.—-Constructions copied By the patient with normal-pressure hydrocephalus before and after 
shunt surgery. 
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shunt surgery, the MMSE score was 28, and 
the BMICT score was 35. 

Two years after shunt surgery, the pa- 
tient remained independent. Her MMSE 
score was 28, and her BMICT score was 36.5. 


DATA ANALYSIS 


Single case data were compared with 
healthy control means by use of the z score 
method, with significant differences taken 
as greater than 2 SDs above or below the 
control mean. Because the PET sean data 
were acquired on two different scanners, 
the patient's data were compared only with 
the mean of the control data obtained on the 
same PET scanner. (n = 5 for the ECAT II 
scanner and n = 7 for the Scanditronix PC 
1024-7B.). ` 


RESULTS 


The neuropsychologic data con- 
firmed a progressive cognitive decline 


during a 15-month period before shunt | 


surgery (Table 1). Deficits supported 
the presence of dementia, without psy- 
chomotor retardation, with difficulty 
in attention, concentration, memory, 
and visuospatial function. Eleven days 
post shunt, the most prominent im- 
provement was seen in constructions 
(Fig 1). Further recovery has contin- 
ued for the 2 years of postoperative 
follow-up. In addition to better visuo- 
spatial performance, attention and 
concentration have improved. Of par- 
ticular note was the continued im- 
provement in memory test scores that 
occurred 2 years after shunt surgery. 
This was most strikingly demon- 
strated on the Wechsler Memory Scale 
where, only after 2 years, all subscale 
tests were within the normal range. 
Quantitative analysis of the CT im- 
ages obtained before shunt surgery 
showed the total lateral ventricle vol- 
ume to be more than fourfold greater 
than the mean volume of healthy age- 
matched controls (Table 2). Five days 
after CSF shunting, the lateral ventri- 
cles showed a 23% reduction in vol- 
ume. Thirty-nine days post shunt, the 
total lateral ventricle volume was 28% 
less than the preshunt volume. After 
329 days of postsurgical follow-up, the 
lateral ventricles increased in size 
from their immediate postshunt vol- 
ume. However, 780 days post shunt, the 
total lateral ventricle volume had de- 
creased to 55% of the preshunt vol- 
ume, reflecting increased brain vol- 
ume. Despite the marked decrease in 
lateral ventricle volume during the 2- 
year follow-up period, all these vol- 
umes were greater than 2SDs from the 
control mean. For the third ventricle, 
the initial volume was twofold greater 
than the control mean; this volume 
was not significantly greater than the 
control volume (Table 2). After shunt 
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Table 2.—CT Volumes* 


Volume, mL 


nn 


Third 
Ventricle 


Both Lateral 
Ventricles 





Control (n = 6), mean + SD 


1340.9 22.6 + 11.9 

















Patient with NPH 
75 days before shunt 





2.9 103,9t 





5 days post shunt 





2.4 80.0ł 








39 days post shunt 


2.0 76.3t 








329 days post shunt 


1.8 99.8t 











730 days post shunt 


1.0 


*CT indicates computed tomography; NPH, normal-pressure hydrocephaics. 
{Differs from control mean by more than 2 SDs (z score method). 


Table 3.—Cerebral Glucose Metabolism * 


Patient With NPH 
a 
Days Post Shunt 
nt eee, 


Days Before Shunt 


440 75 39 


Mean + SD 
A S 
Controls, Controls, 
ECAT II Scanditronix 

(n = 5) (n = 7) 


329 730 





R SUP frontal 5.23ł 4.58 5.30 


6.03 6.15 §2140.70 7.56 + 1.51 








L SUP frontal 5.02 4.64 5.30 


5.85 6.05 5.13 + 0.94 7.37 £ 1,50 








R MID frontal 4.50 4.18 5.04 


5.63 556 559+ 1.11 7.88 + 1.53 








L MID frontal 4.47 3.94 6.03 


5.99 8.19 6.11 + 1.18 8.16 + 1.70 








R INF frontal 4.59 4.12¢ 5.304 


5.47}  5.56ł 6.50 + 0.96 8.59 + 1.31 





L INF frontal 
R SUP parietal 


4.47 4.18 6.50 
4.14 3.27¢ 5.29 





5.62ł 
5.12 


6.26 650 + 1.38 8.61 + 1.33 
6.28 563 + 1.07 7.67 + 1.38 








L SUP parietal 4.16 3.49 5.50 


5.83 6.60 550+ 1.06 7.24 + 1.45 





R INF parieta! 3.87¢ 3.354 5.0944 





4.644 5814 5764066 7.83 + 0.93 








L INF parietal 3.67 2.314 4.3984} 





4.99} 5.82 575 +0.94 7.81 + 1.05 





R SUP temporal 4.51 3.674 5.14} 





5.074 5.98 5.60 +0.70 7.58 + 0.82 





L SUP temporal 4.65 3.834 5.72ł 


4.68} 6.03} &78 + 0.76 7.28 + 0.58 








Whole brain 3.534 3.17ł 4.21¢ 


4.40} 542 27+ 0.61 6.41 + 0,65 





*NPH indicates normal-pressure hydrocephalus; SUP, superior; MID, micdle; and INF, inferior. 

tValues are regional cerebral metakolic rates for glucose in milligrams per 100 milliliters per minute. 

Differs from control mean (P < .05%; preshunt scans compared with ECAT |! tomograph control data, and 
postshunt scans compared with Scanditronix tomograph control data. 


surgery, there was a steady decrease in 
third-ventricle volume during the 2- 
year follow-up period, such that by 780 
days post shunt, the third ventricle 
had decreased in volume by 66%. 

In addition to the ventriculomegaly 
seen with CT, MRI, performed 75 days 
before shunting, revealed multiple foci 
of abnormal signal intensity in the 
periventricular and subcortical white 
matter on T,-weighted images. These 
abnormal signal intensities were also 
seen on follow-up MRI scans taken 
89 days, 1 year, and 2 years after cere- 
brospinal fluid shunting. Cn the last 
MRI examination, a subdural rim of 
signal hyperintensity has appeared 
that may represent an asymptomatic 
subdural hygroma. 

Positron emission scanning (Table 3, 
Fig 2) showed significantly lower 
whole brain and frontal, parietal, and 
temporal cortex glucose utilization be- 
fore the shunt as compared with 
healthy control subjects. Reductions in 
these regions ranged from 84% to 49% 


of control val.es. In addition, hypome- 
tabolism was asymmetric, with more 
extensive involvement of right-hemi- 
sphere regions. Thirty-nine days after 
shunt placement, cerebral metabolism 
had increased by 2% to 13% in severely 
affected regions. Three hundred twen- 
ty-nine days after surgery, rCMRgle 
showed only minimal change in most 
regions as ccmpared with that in the 
previous year. However, rCMRgle in 
the left inferior frontal and left supe- 
rior temporal regions was 14% and 
10% lower, respectively, than the 39 
days postshunt rates in these regions. 
After 2 years of postsurgical follow- 
up, rCMRgl« significantly improved; 
rCMRegle wes no longer significantly 
different from the control mean in the 
left inferior frontal, left superior pari- 
etal, right superior temporal, and 
whole brain regions (Table 3, Fig 2). 


COMMENT 


We have shown with quantitative 
techniques that changes in clinical and 
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z Score 


z Score 


200 


Days 


400 





600 





200 400 600 ` 800 


Days 


Fig, 2. ~—Change i in regional cerebral metabolic rates ‘for glucose with time. Values failing within the shaded 
regions are less than 2 SDs from the mean values in healthy age-matched control subjects. The z scores 
were computed relative to the control values obtained on the appropriate positron emission tomography 
scanner. Top left, Open squares indicate right superior frontal region; closed diamonds, left superior frontal 
region; closed squares, right inferior frontal region; and open diamonds, left inferior frontal region. Top right, 
Open squares indicate right superior temporal region; closed diamonds, left superior temporal region. Bot- 
tom left, Open squares indicate right inferior parietal region; closed diamonds, left inferior parietal region; 
closed squares, right superior parietal region; and open diamonds, left superior parietal region. Bottom right, 
: Open squares indicate whole brain region. 


neuropsychologie function associated 
with NPH parallel changes in cerebral 
metabolism. Thus, the most severe 
neuropsychologic deficits were seen in 
tests of memory, attention, and visu- 
ospatial function with relative preser- 
vation of language function. These pre- 
shunt cognitive deficits were accompa- 
nied by’ rCMRegle defects in the 
_ expected regions: bilateral inferior pa- 
rietal and superior temporal, right in- 
ferior frontal and right superior pari- 
etal. Postshunt improvement was 
most prominent in visuospatial fune- 
tion that was accompanied by im- 
provement of right parietal metabo- 
lism. Improvement was seen in atten- 
tion and memory only 1 year after 
shunt surgery. The delayed improve- ' 
ment in the latter functions parallels 
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the increased’ bilateral temporal and 
whole brain metabolism seen with 


` PET 2 years following surgery. 


The behavioral syndrome séen in our 
patient and reflected in relatively more 
severe deficits in right-hemisphere 
rCMReglc is consistent with previously 
reported neuropsycholegic defects in 
NPH. These studies have found severe 


` impairments in insight and visuospa- 


tial functions.“ How an apparently 


_symmetric hydrocephalus manifests 


as an asymmetric syndrome is unclear, 
but may reflect the superimposition of 
age-related decline in right-hemi- 
sphere functions.” We are cautious in 
making any conclusions about changes 
in right frontal brain function after 
surgery because the shunt disrupts 
some fiber tracts along its path of in- 


sertion in the right frontal lobe. 
Jagust and coworkers" studied three 
patients with NPH before cerebrospi- 


nal fluid shunting with PET using 


fludeoxyglucose F 18. They reported ` 
that patients with NPH differed from 
patients with dementia of the Alzhei- 
mer type (DAT) because patients with 
NPH had globally diminished glucose 
use as compared with relatively focal, 
bilateral temporoparietal hypometab- 
olism seen in patients with DAT. We 
also found that our patient with idio- 
pathic NPH had whole brain hypome- 
tabolism. However, we found that our 
patient had regional temporal and pa- . 
rietal impairments in glucose metaho-. . 
lism, not unlike those seen in patients 
with DAT." Despite this similarity, 
our patient with NPH differed from 
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patients with DAT of similar dementia 
severity by showing a striking discrep- 
ancy between a relatively mild demen- 
tia in the face of severe deficits in 
rCMRglc. The possible diagnostic util- 
ity of this finding will require further 
studies. However, these data do not 
support the use of PET studies of glu- 
cose metabolism in the diagnosis of 
NPH. 

The quantitative CT results also 
show possible future diagnostic use- 
fulness. Initially, the volume of the 
lateral ventricles. was significantly 
greater than that of the age- and 
severity-matched patients with DAT. 
However, the qualitative rating (data 
not shown) of the severity of atrophy 


’ was not sufficient to differentiate our 
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case of NPH from DAT. 

We suspect that the reading, 
“marked enlargement of the ventricu- 
lar system consistent with Alzhei- 
mer’s disease” in a patient presenting 
with memory impairment, gait diffi- 
culty, or urinary incontinence, results 
in missed cases of reversible dementia 


‘due to NPH. This situation may be im- 


proved if ventricular size is quantified 
with the use of volumetric techniques. 
Furthermore, the rate of change in 
ventricular volume may also be of di- 
agnostic value.* The specific utility of 
quantitative CT evaluation of NPH 
will only be shown with further pro- 
spective studies. 

The remarkable and delayed im- 
provement in this case demonstrates 
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Reduced Cerebral Blood Flow in Early Stages 
of Human Immunodeficiency Virus Infection 


Eva Schielke, MD; Klaus Tatsch, MD; Hans Walter Pfister, MD; Claudia Trenkwalder, MD; 


Gerda Leinsinger, MD; Carl Martin Kirsch, MD; Alexander Matuschke, MD; Karl Max Einhäupl, MD 


è In order to determine if brain perfu- 
sion abnormalities, which are known in pa- 
tients with acquiredimmunodeficiency syn- 
drome dementia, occur in early stages of 
human Immunodeficiency virus Infection, 
technetium 99m hexamethyl-propylenea- 
mine oxime-single-photon emission com- 
puted tomography studies were performed 
in 20 patients infected with human immu- 
nedeficiency virus who belonged to Walter 
Reed stages | through IV. None of these 
patients demonstrated signs of dementia 
or severe neurological dysfunction. Patho- 
logical patterns of hexamethyl-propylene- 
amine oxime uptake were seen in 14 pa- 
tients, seven of whom had normal resuits 
during neurological examination. Only four 


patients had signs of cerebral atrophy on - 


cranial computed tomographic scan. 
These data suggest that subtle changes in 
cerebral perfusion seem to arise early in 
the course of human immunodeficiency vi- 
rus infection and may indicate human im- 
munodeficiency virus encephalopathy be- 
fore neurological symptoms or noticeable 
structural damage occurs. 
(Arch Neurol. 1990;47:1342-1345) 


uman immunodeficiency virus 
(HIV) encephalopathy, also 
known as acquired immunodeficiency 
syndrome (AIDS) dementia complex, 
is the miost common neurological man- 
ifestation of HIV infection. It typically 
presents as a progressive impairment 
of cognitive and psychomotor func- 
tions.'> While there is increasing evi- 
dence that this syndrome is caused by 
. direct infection of the brain by HIV,*" 
its pathogenesis is still not clearly un- 
derstood. Subacute inflammation has 
been discussed as the cause for this 
disorder, as well as neurotransmitter 
disturbances or changes in brain me- 
tabolism.'* Recently, it was reported 
that patients with AIDS and AIDS-re- 
lated complex (ARC) appear to be at in- 
creased risk for transient cerebral is- 
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chemia and cerebral infarction, the 
cause of which in many cases is un- 
known. Neuropathclogical studies 
have shown that cerebrovascular le- 


sions occur frequently in patients with ` 


AIDS.) 

Single-photon emission computed 
tomography (SPECT) of the brain, us- 
ing technetium-Tc99m hexamethyl- 
propyleneamine oxime (99m-Te 
HMPAO), is a useful method for im- 
aging regional cerebral blood flow and 
has gained special interest in the in- 
vestigation of dementia.” The pri- 
mary neutral, lipophilic, unstable 
99m-Te HMPAO complex crosses the 
blood-brain barrier and is then con- 
verted to a nondiffusable, hydrophilic 
complex that is fixed in brain cells 
proportional to rCBF. Recently, 
SPECT studies with HMPAO and IMP 
(iodine-123-N-isopropy] - p - iodoam- 
phetamine - hydroacetate), performed 
in patients with AIDS dementia com- 
plex, have shown uptake defects in all 
patients examined.”**¢ It is likely that 
HIV leads to central nervous system 
alterations very early in the course of 
the disease. Given this, it might be 
helpful in the understanding of the 
pathogenesis of HIV encephalopathy 
to know whether there are changes in 
cerebral perfusion in clinically asymp- 
tomatic HIV-infected subjects. This is 
still not known. 

Therefore, the purpose of this study 
was to evaluate HMPAO-SPECT in 
HIV-infected patients in the early 
stages of the disease and to correlate 
the findings with the presence or ab- 
sence of neurological symptoms. 


PATIENTS AND METHODS 


Between August 1988 and June 1989, 20 
consecutive HIV-infected patients who 
were asymptomatic or revealed only signs 
of lymphadenopathy or early ARC were 
studied. According to the Walter Reed 
classification,” 12 patients fulfilled the cri- 
teria of stage I or II, eight petients belonged 
to stage III or IV. Eighteen patients were 
males, two were females. The patients 
ranged in age from 22 to 71 years (mean age, 
40 years, SD, 12.1 years). Informed consent 
to the study was obtained from all patients. 

All patients were interviewed and exam- 
ined by a neurologist. Dementia was ex- 
cluded by clinical criteria according to 
DSM-ITI-R® i 

Computed tomographic scans were ob- 


tained- in all patients with a third-genera- 
tion computed tomographic scan (Somatom 
DRH, Siemens Medical Systems, Erlangen, 
Federal Republic of Germany) using stan- 
dard techniques. 

Cerebrospiral fluid and serum samples 
from 17 of the 20 patients were examined. 
Cerebrospinal fluid was obtained by lumbar 
puncture after informed consent. In all 
specimens, white cell count, total protein 
level, and oligoclonal bands were deter- 
mined. Oligoclonal IgG bands were deter- 
mined by isoelectric focusing. Only those 
bands present în the cerebrospinal fluid, but 
not in the serum, were considered to be 
positive. Cerebrospinal fluid and serum IgG 
and albumin cencentrations were measured 
nephelometrically. An albumin cerebrospi- 
nal fluid/serum ratio above 7.6 X 1073 was 
considered to be an indication of increased 
blood-cerebrospinal fluid barrier perme- 
ability. Examinations for infection with 
Treponema pallidum, Toxoplasma gondii, 
or Cryptococcus neoformans were per- 
formed on all specimens by serological and 
microscopic methods. 


HMPAO-SPECT 


The SPECT study was performed, after 


the intravenous injection of 370 to 550 MBq 
of 99m-Tc HMPAO, using a rotating dou- 
ble-head gamma camera (Siemens Rota J]; 
high-resolution collimator) connected to a 
computer system (MicroDelta/VAX 11/ 
730). Data were collected from 60 projec- 
tions (360° rotation) in a 64 X 64 matrix. 
Images were reconstructed by filtered back 
projection, processing transverse, sagittal, 
and coronal slices (slice thickness, 6.0 mm). 
No attenuation correction was performed. 

Both visual and semiquantitative inter- 
pretations of the SPECT results were per- 
formed by experienced observers using the 
region of interest technique. Five to six 
right over left gray matter ratios of corre- 
sponding regions were calculated per slice. 
In ten normal, HIV-negative control sub- 
jects (mean age, 47 years, SD, 17.8 years) 
the ratio was 0.99 + 0.04 (n = 91 regions of 
interest). Derived from these data, a dif- 
ference in ratios of more than 8% (>2 SD) 
was considered pathologic. The HMPAO- 
SPECT results were classified into three 
groups as follows: 0, normal findings; 1, one 
to two areas of decreased activity in two or 
more consecutive slices; and 8, more than 
two areas of decreased activity in two or 
more consecutive slices. 


RESULTS 
Clinical Evaluation 


The results are summarized in the 
Table. No abnormalities were seen in 
11 of 20 patients during neurological 
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examination. Nine patients revealed 
mild neurologic abnormalities. No pa- 
tient demonstrated any signs of de- 
mentia. In one patient who was clini- 
cally asymptomatic, there was suspi- 
cion of neurosyphilis by serologic 
findings (elevated cerebrospinal fluid/ 
serum ratio for T pallidum IgG anti- 
bodies). One patient had signs of pe- 
ripheral neuropathy, but no symptoms 
of central nervous system involve- 
ment. Four patients had a history of 
intravenous drug abuse, but by the 
time of examination only one of them 
took drugs that affect the central ner- 
vous system. One other patient was 
taking valproic acid because of epilep- 
tic seizures that had started before the 
assumed time of infection. At the time 
of investigation, none of our patients 
received azidothymidine. 

Cerebrospinal fluid examinations 
revealed at least one abnormal value 
regarding the white cell count, albu- 
min ratio, or oligoclonal bands in 15 of 
17 patients. Cerebrospinal fluid oligo- 
clonal IgG bands could be demon- 
strated in 14 patients, cerebrospinal 
fluid pleocytosis (6 to 57 cells per cubic 
millimeter) was seen in 11 patients, 
and four patients had evidence of a 
damaged blood-cerebrospinal fluid 
barrier by an elevated albumin ratio. 

Normal findings in computed tomo- 
graphic scans were observed in 16 
(80% ) of 20 patients. In four patients, 
cortical atrophy was demonstrated 
(patients 8, 12, 15, and 20). No patient 
had signs of focal lesions. 


HMPAO-SPECT 


Normal HMPAO-SPECT (Figure, 
top left) was seen in six of 20 patients 
at the time of investigation (group 0). 
The remaining 14 patients (70% ) had 
pathologic SPECT results (groups 1 
and 2) with reduced HMPAO uptake. 
Decreased HMPAO uptake was ob- 
served in all parts of the cerebral cor- 
tex. Pathologic SPECT findings were 
found in eight of 12 patients in Walter 
Reed stages I and II and in six of eight 
patients in Walter Reed stages III 
through IV. Pronounced pathological 
findings with patchy, multilocular de- 
creased HMPAO uptake (Figure, bot- 
tom left) were observed more fre- 
quently (n = 10) than focal uptake de- 
fects (n = 4, Figure, top right). 

During neurological examination, 
five of the six patients in group 0 did 
not reveal any abnormalities. One of 
these patients, however, had a history 
of recent facial nerve palsy. One pa- 
tient showed gaze-evoked nystagmus, 
but it could not be determined if this 
finding was due to HIV encephalopa- 
thy or to tranquilizer abuse. 
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3 l Normal 
4 i] M/35 Horizontal gaze-evoked (0) E ND 
nystagmus (drug abuse) 
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ll F/25 Normal o + 9 
I M/50 Normal l + 6 2 
Il M/34 Horizontal gaze-evoked ll + 3 8.6 
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12 ll M/71 Cerebellar ataxia Il + 

13 Iii M/32 Normal, history of facial ie) + 4 
nerve palsy 

14 Iil M/34 Horizontal gaze-evoked | pte ND 
nystagmus 

15 il M/35 Horizontal gaze-evoked ll a 10 3.4 
nystagmus 

Normal 
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18 IV M/47 _ Polyneuropathy i = 57 12.0 
19 IV M/32 Saccadic smooth-pursuit li + 1 3.0 
eye movements, 
neuropathy 
20 IV F/22 Horizontal gaze-evoked Il + 11 


nystagmus (valproic 
acid), history of seizures 










*HMPAO indicates hexamethyl-propyleneamine oxime; SPECT, single-photon emission computed tomogra- 
phy: ND, not done; plus sign, oligoclonal bands positive in cerebrospinal fluid; minus sign, oligoclonal bands 
negative in cerebrospinal fluid; and NS, nonspecific (oligoclonal bands in cerebrospinal fluid and serum sam- 


ples. 


In group 1, there was one patient 
with gaze-evoked nystagmus. Another 
patient had an axonal polyneuropathy, 
but no signs of central nervous system 
involvement. The other two patients 
had normal neurological findings. 

In group 2 (multilocular uptake de- 
fects), there was one patient, 71 years 
of age, with cerebellar ataxia. Slight 
neurological abnormalities (oculomo- 
tor disturbances) could be found in 
four patients, and in five patients, 
there were no pathologic neurological 
findings. 

There were no statistical differences 
among the three groups regarding 
cerebrospinal fluid findings or the pa- 
tients’ age (analysis of variance). 

Of the 11 patients who did not reveal 
signs of neurological dysfunction or a 
history of neurological disorder, only 
four had normal SPECT findings. Two 
had focal uptake defects and five had 
more pronounced pathological SPECT 
findings with multilocular uptake de- 
fects. These patients did not differ sig- 
nificantly with respect to age, Walter 
Reed stage, or cerebrospinal fluid find- 


ings. All of the patients had normal 
computed tomographic findings. 
COMMENT 

Pathologic patterns in HMPAO- 
SPECT are always found in patients 
with AIDS dementia, as has been re- 
ported by several authors,” and has 
been confirmed by our data.” The 
present study, however, shows that 
two thirds of the 12 HIV-infected pa- 
tients in Walter Reed stages I and II 
and 75% of those eight in Walter Reed 
stages III and IV demonstrate reduced 
regional cerebral blood flow in 99m- 
Tc-HMPAO-SPECT. This means that 
cerebral blood flow reduction occurs in 
patients without symptoms and signs 
of central nervous system disease and 
is already detected in the early stages 
of HIV infection. Abnormal findings 
have also been demonstrated in cere- 
brospinal fluid investigation of pa- 
tients with early-stage HIV infec- 
tion,” which is confirmed by our data. 
Thus, pathologic HMPAO findings as 
well as cerebrospinal fluid signs of cen- 
tral nervous system inflammation pre- 
cede clinical symptoms for an un- 
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known period of time, probably for 
years. Therefore, we suggest the term 
silent HIV encephalopathy to define a 
condition of abnormal findings in tech- 
nical and laboratory investigations 
proving an unequivocally pathologic 
central nervous system reaction, but 
leaving the patient without symptoms 
and signs. 

Cerebral perfusion and cerebral me- 
tabolism are closely linked. It is there- 
fore unclear which occurs first and is 
ultimately responsible for the ob- 
served changes in HMPAO-SPECT. 
There are several reports on an in- 
creased frequency of cerebrovascular 
accidents in patients with ARC and 
AIDS."*"” Reduction of cerebral blood 
flow measured by HMPAO technique 
is also found in other nonvascular dis- 
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eases causing dementia, eg, Alzhei- 
mer’s disease or Huntington’s dis- 
ease.'*”4 It is more likely that these 
findings represent abnormalities in 
brain metabolism. 

Cerebrovascular lesions were seen 
in as many as 34% of the cases exam- 
ined neuropathologically,’* although 
most of these patients had not demon- 
strated symptoms of reduced cerebral 
perfusion during lifetime. Half of 
these patients had mural thickening of 
small blood vessels. Narrowing, in- 
flammation, and calcification of small- 
and medium-sized arteries in the 
brains of children and adults with 
AIDS has also been demonstrated.” 
Retinal microvasculopathy is also 
commonly found in HIV-infected pa- 
tients, but is often not associated with 


Hexamethyl-propyleneamine oxime-single-photon emission computed 
tomography. Top left, Patient 6. A 25-year-old woman with Walter Reed 
stage Il disease. Normal finding (group 0). Top right, Patient 14. A 34- 
year-old man with Walter Reed stage 3 disease. Focal uptake defect, 
left temporal lobe (group 1). Bottom left, Patient 3. A 46-year-old man 
with Walter Reed stage 1 disease. Severe multilocular uptake defects 
indicating areas of decreased regional blood flow (group 2). 


symptoms.*** Several authors have 
detected viral antigen in endothelium 
cells of brain capillaries.?!!“*! 

Vascular changes in HIV-infected 
patients may be due either to a direct 
toxic effect of a viral antigen on endo- 
thelium cells or to subtle membrane 
changes of endothelium cells inciting 
enhanced interleukin-1 activity with 
leukocyte adherence.” In some cases, 
vasculitis caused by antigen-antibody 
complexes may play a role.**** 

The metabolic disturbances in the 
early stage of HIV infection are not 
well understood and need further in- 
vestigation. Alterations in regional 
cerebral glucose metabolism in HIV- 
infected, demented patients were 
demonstrated by positron emission to- 
mographic studies.’ Improvement of 
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74 


) 


those patterns after treatment with 
azidothymidine (also known as zidovu- 
dine) was reported anecdotally. 
Other investigators have found re- 
duced choline acetyltransferase activ- 
ity in the brains of patients with AIDS 
dementia, disturbances in iron 
metabolism,” and elevated levels of 
quinolinic acid in the cerebrospinal 


fluid of HIV-infected patients with 
..signs of cognitive impairment.” 


Most of the patients in this study, in 
whom the cerebrospinal fluid was ex- 
amined (15 of 17), had pathologic cere- 
brospinal fluid findings. However, 
there was no correlation between ab- 
normal cerebrospinal fluid and SPECT 
findings. As inflammatory changes in 
cerebrospinal fluid and reduced cere- 
bral perfusion have not been demon- 
strated to be linked, they seem to be 
due to different pathophysiologic 
mechanisms. l 

Pathological patterns in HMPAO- 
SPECT are not specific for HIV 
encephalopathy. Patients with Alz- 
heimer’s disease show similar pat- 
terns,'"*22 Pathologie SPECT results 
are also a common finding in patients 
with basal ganglia disorders such as 
Parkinson’s disease, or Huntington’s 
chorea.”!2** However, SPECT seems to 
represent a sensitive method in detect- 
ing early changes in central nervous 
system perfusion or metabolism. Fur- 
ther studies, with follow-up of pa- 
tients, will be necessary to investigate 
the value of this method in detecting 
patients who are at increased risk of de- 
veloping dementia and in the monitor- 
ing of patients who receive azidothy- 
midine or other anti-HIV substances. 
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Effects of Physostigmine on Spatial Attention 
in Patients With Progressive Supranuclear Palsy 


Caroline Kertzman, PhD; David Lee Robinson, PhD; Irene Litvan, MD 


® We tested patients with progressive 
supranuclear palsy and control subjects 
ona task of visuospatial attention. Targets 
preceded by cues on the same side were 
termed validly cued; and those on the op- 
posite side, invalidly cued. For all sub- 
jects, validly cued targets were responded 
to faster than those that were invalidly 
cued. The difference between reaction 
times for invalidly and validly cued targets, 
which is hypothesized to measure atten- 
tional movement, was significantly in- 
creased for the patients. The performance 
of the controls on certain neuropsycho- 
logical tests was correlated with their 
attentional abillty. These correlations 
were altered by progressive supranuclear 
palsy. Physostigmine treatment of the pa- 
tients induced a speeding of responses to 
invalidly cued targets as a function of the 
duration of the disease. These studies 
show defects in cognition and attention in 
patients with progressive supranuclear 
palsy and demonstrate that physostigmine 
reduces some of the abnormal visual at- 
tentional performance. 

(Arch Neurol. 1990;47:1346-1350) 


rogressive supranuclear palsy 
(PSP) is a degenerative neurologic 
syndrome manifested by supranuclear 
gaze and pseudobulbar palsy, extrapy- 
ramidal signs, and dementia.’ Ini- 
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tially, vertical gaze is defective. Cog- l 


nitive deficits in PSP include memory 
dysfunction, impairments in using ac- 
quired knowledge, perseverations, 


` slowing of thought processes, and de- 
_ pression. Neuropsychological evidence 


has indicated that some aspects of 
these deficits are characteristic of 
frontal lobe dysfunction.” 

The morphological features of this 
disorder can be varied but include 
massive degeneration in the substan- 
tia nigra, pallidosubthalamic complex, 
superior colliculus, and substantia in- 
nominata. Less severe degeneration 
may be found in other brain-stem 
structures, while most areas of the ce- 
rebral cortex appear spared on gross 
inspection.'*’ Acetylcholine metabo- 
lism is deficient, as evidenced by re- 
duced levels of choline acetyltrans- 
ferase in the substantia innominata, 
frontal lobes, basal ganglia, superior 
colliculus, interstitial nucleus of Cajal, 
and dorsal interstitial nucleus.** Neu- 
ronal loss has also been found in the 
pedunculopontine tegmental nucleus, 
a cholinergic structure thought to in- 
nervate the extrapyramidal system, 
the superior -colliculus, and the sub- 
stantia innominata.’ 

Several cognitive processes are im- 
paired in patients with PSP»!!! One 
function of interest to us is visuospa- 
tial attention. Attention implies the 
selection of one area with diminished 
perception at other regions, and this 
process can be independent of eye 
movements.” Posner et al?" developed 
a task that allows a measure of spatial 
attentional performance. Using this 
approach, previous studies of individ- 
uals with PSP have shown that these 


‘patients are capable of slowly moving - 


their attention in the vertical direc- 


tion, even though they are impaired in 
making vertical eye movements." 
In the present study, we first com- 
pared the visuospatial attentional per- 
formance of patients with PSP with 
that of controls. We then determined 
how their attentional performance 
correlated with cognitive abilities. We 
studied how cholinergic therapy al- 
tered their performance, because pa- 
tients with PSP have deficient acetyl- 
choline metabolism, and this trans- - 
mitter has been suggested to be 


` involved in attention. 5Y 


PATIENTS AND METHODS 


Four women and three men with PSP, 
aged 56 to 76 years (mean [+SD], 65 + 7 
years), were admitted to the National In- 


- stitutes of Health, Bethesda, Md, where 


they were given complete physical, neuro- 
logic, and neuropsychological examina- 
tions. Thorough oculomotor tests were also 
conducted. The diagnosis was based on (1) 
onset of symptoms at 50 years or older; (2) 
parkinsonian features and gait instability; 
(3) pseudobulbar signs; (4) supranuclear 
vertical gaze palsy; (5) progressive course; 
and (6) no radiographic abnormalities 
other than subcortical and/or midbrain at- 
rophy. Each patient signed an informed 
consent after the nature of the procedures 
was fully explained. The Table lists several 
characteristics of the patients. Additional 
information is provided elsewhere>!!-? 
Four women and four men matched for age, 
sex, and education volunteered as controls. 
All had full visual fields as determined by 
the Humphrey 76-point screening test. 


Procedures 


The procedures and apparatus used in the 
present study were similar to those de- 
seribed in detail previously. The subjects 


were seated in a darkened roominfrontof 4 


a tangent scrzer:.. Their task was to fixate on 
a spot of light and to press a button as soon 
as a target light appeared. A trial consisted 
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Data on Patients With Progressive 
Supranuclear Palsy* 


Patient No./ 
Age, ¥/ Age at Validity 
Sex Onset, y Vertical, msec 

1/62/F ` é 
2/76/M 

3/59/F 

4/68/M 

5/70/F 

6/61/M 

7/56/F 


*Validity values represent baseline performance. 
The onset of the disease was defined as the first time 
when either the patient or family noticed abnormal 
behavior. : 








of the presentation of a cue followed by the 
target after a variable cue-target interval. 
The cue stimulus, a hexagon, was flashed on 
the screen for 75 milliseconds either in the 


same location (valid cue) (Fig 1, A and B) or. 


in the opposite location of the subsequent 
target position (invalid cue) (Fig 1, C and 
D). Sometimes we used weak illumination 
of the entire field of view (diffuse cue) (Fig 
1,E and F). Data were collected in blocks of 
160 trials each; within a block, 70% of the 
trials had valid cues, 15% of the trials had 
invalid cues, and 15% had diffuse cues. 
Within a session, all subjects received two 
blocks of trials with targets along the hor- 
izontal meridian and two blocks along the 
vertical meridian. 

Each patient with PSP was tested over 
three sessions within a 1-month period. 
Each patient was tested under baseline, 
placebo, and drug conditions. The first ses- 
sion represented the patient’s baseline per- 
formance prior to any drug administration. 
The second and third sessions revealed the 
patient’s performance while he or she was 
receiving either physostigmine or a placebo 
in a randomized, counterbalanced, double- 
blind design. Physostigmine was adminis- 
tered orally (0.5 to 2.0 mg per dose) every 2 
hours between 6 AM and 4 PM; thus, the 
maximum possible dose was 12 mg/d. The 
mean dose level for the crossover phase was 
1.25 + 0.46 (SEM) mg per dose.’ 


Neuropsychological tests were adminis- l 


tered to the patients and controls.* In the 
Trail Making Test, part A, the subject drew 
lines to connect consecutively numbered 
circles, and in part B the subject connected 
consecutively numbered and lettered cir- 
cles by alternating between the two se- 
quences (eg, 1-A-2-B). Performance was 
scored for the amount of time to complete 
the subtest and the number of errors 
made.” 


Data Analysis 


Data were analyzed through the multi- 
variate techniques of Hotelling’s T? and 
profile analysis.” A more detailed deserip- 
tion of our statistical procedures has been 
published previously.” Subjects reaction 
times were measured from target onset to 
button press under six combinations of cue 
type and target location (Fig 1). Each of 
these combinations had five cue-target in- 
tervals yielding 30 test conditions. Two pa- 
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Fig 1.—Comparison of controls and patients on a measure of vertical shifts of attention. The ver- 
tical axis corresponds to reaction times in milliseconds for subjects to depress a button in response 
to the onset of a target light. The schematics below each pair of bars represent the tangent screen 
viewed by the subjects and the location at which the cue (hexagon) and subsequent target (square) 
appeared (180-millisecond delay) (10° eccentric). The lines extending from the tangent screens 
in E and F represent the diffuse cue (see “Patients and Methods’’ section). A and B are validly 
cued trials to the upper and lower visual fields, respectively; C and D are invalidly cued trials to 
the upper and lower hemifields, -espectively; and E and F are diffusely cued trials to the upper and 
lower hemifields, respectively. Open bars represent mean reaction times for control subjects with 
brackets for standard errors of the mean. Shaded bars depict the values for the untreated patients. 


tients were tested with targets at 20° ec- 
centricity, whereas the others were studied 
at 10°. These conditions were not pooled for 
data analysis, although our conclusions 
were the same. A linear least-squares re- 
gression analysis was used to calculate cor- 
relation coefficients between reaction times 
and the neuropsychological tast scores for 
either the patients or controls the resulting 
pairs of regression ‘ines then were com- 
pared. Probability values for two-tailed ¢ 
tests and standard deviation values are re- 
ported. 


RESULTS 
Attentional Abilitias 


Because all of the patients with PSP . 


had difficulty making vertical eye 
movements, we were particularly in- 
terested in their ability to make verti- 
cal attentional shifts. From our tests, 
it was clear that, compared with con- 
trols, they had (1) an increase in the 
validity effect and (2) an cverall slow- 
ness in responding (Fig 1°. 

Figure 1 shows the mean reaction 


times for our subjects for targets pre- 
sented 180 milliseconds after the onset 
of the various cues. We concentrated 
our analysis on the earliest interval for 
several reasons. First, the peak in effi- 
ciency of target detection at cued loca- 
tions occurs around this time.” Second, 
numerous studies have demonstrated 
that reflexive shifts of attention are 
unmodified by cognitive processes at 
this time interval.”** Third, the differ- 
ences in the validity effect between 
patients and controls were inconsis- 
tent at the later intervals. The validity 
effect is the mathematical difference of 
reaction times to validly and invalidly 
cued targets; this value is assumed to 
be independent of motor components 
of the task and is considered a repre- 
sentation of attentional processes." 
The “validity effect” when used here 
refers to the data obtained at the 180- 
millisecond cue-target interval, unless 
stated otherwise. Although the reac- 
tion times of both the controls and the 
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patients were affected by the spatial 
cues (valid or invalid), the magnitude 
’ of the validity effect was dissimilar. 
Results described here for cues and 
targets on the vertical meridian were 
similar when the horizontal meridian 
was used. 
’ The overall slowing was confirmed 
by the levels test (F[1,10}] = 26.18; 
P <<.001). Both patient and control 
groups responded faster to validly 
cued than invalidly cued targets; how- 
ever, the parallelism test revealed a 


difference in shifting attention be- ° 


tween two spatial locations between 
the two groups (F[1,10] = 6.8; P= 
.026). At the 180-millisecond interval, 
the validity effect was 100 + 56 (SD) 
milliseconds for the patients, which 
was substantially larger than the con- 
trol value (16 + 42 milliseconds). Re- 
action times following diffuse cues 
were significantly slower than those 
following valid cues for patients and 
controls (Fig 1). Despite some asym- 
metric responses to target location, 
there were no significant differences in 
shifts of attention between the two 
hemifields; eg, the validity effect for 
the patients was 107 + 104 millisec- 
onds in the upper hemifield, and 
97 +108 milliseconds in the lower 
hemifield. 

We conclude from these observa- 
tions that patients with PSP are im- 
paired in orienting their attention 
compared with controls. The validity 
effect for patients in the vertical plane 
(100 milliseconds) is remarkably sim- 
ilar to that in the horizontal plane (92 
milliseconds). 


Piacebo and Physostigmine 
Administration 


Responses to validly cued targets 
were unaffected after placebo treat- 
ment. When we compared the perfor- 
mance of the patients during placebo 
administration with the performance 
of the identical patients under cholin- 
ergic therapy, we found that physo- 
stigmine treatment (1) reduced the 
validity effect to the level of the con- 
trols, (2) significantly reduced the vari- 
ability in performance, and (8) elimi- 
nated the up/down difference in their 
reaction times. The elimination of the 
up/down difference for the spatial cues 
(F[1,8] = 56.24; P = .005) was induced 
by a speeding of responses to upward 
targets, particularly following invalid 
cues (Fig 2). The effects of physostig- 
mine on responding to diffusely cued 
targets were not uniform (Fig 2, E and 
F). The overall mean response level 
still differed between the two groups 
(treated patient and control), but the 
amount of variance from the groups 
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Fig 2.—Comparison of responses of patients during cholinergic therapy and placebo administra- 
tion for vertical shifts of attention. All data are for the 180-millisecond interval, and conventions 


are the same as for Fig 1. 


decreased from 72% (baseline vs con- 
trol) to 40% (physostigmine treated vs 
control). 


Relationships Between Cognitive and 
Attentional Performance 


On the assumption that some cogni- 
tive abilities normally utilize visuo- 
spatial attention, we expect a correla- 
tion between attentional and cognitive 
scores. For controls, a significant rela- 
tionship was present for the Trail 
Making Test (part B) and the digit 
symbol test (r= .68 and .55, respec- 
tively, for the fit of the regression 
lines). Increasing validity scores were 
associated with slower completion 
times on the Trail Making Test. When 
patients and controls were compared, 
they were significantly different in 
terms of their mean validity effect 
(16 + 42 and 108 + 63 milliseconds, 
respectively; ¿ [18] = 2.72; P = .009) 
and the mean time to complete the 
Trail Making Test (0.99 + 0.18 and 
5.43 + 2.32 minutes; t [13]= 3 
P << .001). We found no simple rela- 
tionship for the patients between 
scores on the two tasks. 

On close examination of the validity 
scores, there appeared to be two sub- 


populations of patients; four of the pa- 
tients had similar validity magni- 
tudes. These values were very close to 
the range of the controls, whereas the 
remaining three patients had validity 
scores outside these limits. Interest- 
ingly, the patients with symptom du- 
rations of 2 years or less were in the 
former group, whereas those with du- 
rations of 4 years were in the latter 
group. The two patients with symptom 
durations between 2 and 4 years were 
split between the two groups. The two 
patient groups can be distinguished 
from each other on the basis of their 
validity scores (shorter symptoms, 
64 + 6 milliseconds; longer, 165 + 57 
milliseconds; t [5] = 3.6; P = .007) but 
not on the basis of their Trail Making 
performance (shorter symptoms, 
5.78 + 2.9 minutes; longer, 4.95 + 1.5 
minutes. 


Cognitive Performance: Placebo and 
Physostigmine Administration 


After placebo administration, the 
relationship of scores on the: Trail 
Making Test and on the visuospatial 
attentional task was not significantly 
changed. However, the administration 
of physostigmine altered the atten- 
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tional performance of the patients 
with PSP, depending on the length of 
time the disease had progressed. The 
patients with the longer symptom du- 
rations showed large improvements in 
their validity scores (baseline, 
165 + 57 milliseconds; drug, 49 + 110 
milliseconds). The patients with the 
shorter symptom durations showed 
slight and varied changes (baseline, 
64 + 6 milliseconds; drug, 64 + 19 mil- 
liseconds). The effect of physostigmine 
was to eliminate the significant differ- 
ence in the mean validity magnitudes 
between the two patient groups. In 
contrast, physostigmine did not pro- 
duce a significant change in perfor- 
mance on the Trail Making Test in pa- 
tients with PSP.‘ After physostigmine 
treatment, the mean validity effect for 
the controls and the patients was not 
significantly different (16 + 42 and 
57 + 65 milliseconds, respectively); 
however, the means of the controls and 
the patients on the Trail Making Test 
remained significantly different. 


COMMENT 


We used a measure of visuospatial 
attention to study patients with PSP, 
and we found that their validity effects 
were substantially increased. This 
agrees with other reports that have 
indicated an attentional defect in 
PSP,?4 although we found no differ- 
ence in the horizontal and vertical di- 
rections as reported previously. Since 
we have found that symptom duration 
relates to the magnitude of the valid- 
ity effect, the longevities of the disease 
in the two studies may account for this 
difference. When the patients were 
treated with physostigmine, there 
were decreases in the validity effects 
with no change in their oculomotor 
status. The cholinergic therapy also 
altered relations of attentional and 
neuropsychological performances. 
These data suggest that the cholin- 
ergic system participates in aspects of 
visuospatial attention. 

Physostigmine reduced the validity 
effect in patients with PSP whose 
baseline values were beyond the range 
of normal subjects. The reduction in 
the validity magnitude produced a 
group measure resembling that of the 
controls. Reaction times to targets fol- 
lowing valid and diffuse cues generally 
were unaffected by physostigmine; 
however, invalidly cued targets were 
associated with speeded responses. 
With physostigmine treatment, our 
patients with PSP improved their abil- 
ity to shift attention from one spatial 
location to another. Our results pro- 
vide the first evidence for the effec- 
tiveness of physostigmine in alleviat- 
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ing an attentional deficit. 


Studies of the effects of cholinergic 
drugs in normal subjects have linked 
cholinergic processes and cognitive ac- 
tivity, including attentional perfor- 
mance but not overall responding, as 
was true in our study. Some in- 
vestigators have proposed that atten- 
tional mechanisms may facilitate or 
gate cholinergic effects on memory! 
In contrast, others have observed that 
cholinergic therapy can modify perfor- 
mance on tasks having minimal mem- 
ory requirements but requiring effec- 
tive selection of information.” 

Some cognitive deficits seen in pa- 
tients with Alzheimer’s disease, Par- 
kinson’s disease, and PSP resemble 
those in normal subjects after scopo- 
lamine administration. 34 Degen- 
eration of the forebrain cholinergic 
system has been hypothesized to un- 
derlie some of the cognitive deficits 
seen in these patients.” However, 
there are variations in cognitive im- 
pairments among the three groups, 
which probably reflect different pat- 
terns of cholinergic dysfunction and 
interactions among neurotransmitter 
systems.**” Recent studies have 
shown inconsistent, physostigmine-in- 
duced improvement on certain mem- 
ory measures in patients with PSP.” 
Physostigmine also improved visuo- 
spatial and constructional abilities in 
patients with Alzheimer’s disease.“ 
Finally, we have shown that physos- 
tigmine can improve performance on a 
visuospatial attentional task. The var- 
ious effects of physostigmine may re- 
flect different cholinergic impairments 
or: varying degrees of cholinergic in- 
volvement in cognitive functions. 

We found a significant relationship 
in controls between performance on 
the Trail Making Test and visuospatial 
attention. We found no simple rela- 
tionship in PSP between performance 
on these tasks, suggesting that the 
disease had varied effects on both at- 
tentional performance and cognitive 
ability. It should be noted that the 
Trail Making and digit symbol tests 
are relatively simple measures of cog- 
nition and are sensitive to practice ef- 
fects. Thus, addressing the contribu- 
tion of visuospatial attention to higher 
cognitive processing would require the 
use of more exacting measures of cog- 
nition such as problem solving. 

We also observed that there appear 
to be two subpopulations of patients 
based on the magnitude of the validity 
score (Table). These two patient 
groups differed in terms of the dura- 
tion of the disease: the patients with 
the largest validity scores had long 
symptom durations (>30 months), 


whereas the remaining patients had 
symptom durations of shorter times 
(<25 months). Impairment in per- 
forming the Trail Making Test occurs 
early in the disease, because all of the 
patients showed severe deficits on this 
task. However, only the patients with 
longer symptom durations had large 
increases in their validity effects. 
These findings suggest that neural pro- 
cesses involved in visuospatial atten- 
tion are damaged in PSP and that the 
destruction occurs later in the progres- 
sion of the disease, which is consistent 
with other major developments of the 
disorder.* Our data also suggest that 
this damage involves acetylcholine 
systems, because physostigmine treat- 
ment improved the patient’s perfor- 
mance. 

Although our data demonstrate a 
defect in visuospatial attention, we did 
not address issues of a more general- 
ized disturbance of attention, includ- 
ing problems in object-based atten- 
tion, or whether spatial attention is 
also impaired in the auditory and so- 
matic modalities. Future research ex- 
amining these latter questions as well 
as the influence of the cognitive control 
of attention would help to localize 
brain impairments in PSP. 


None of the authors or their relations have any 
commercial or proprietary interest in any product 
reported in this article. 
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The American Society of Neuroimaging is pleased to announce that 
their 14th Annual Meeting will be held February 5-10, 1991; at 
the Hilton at Walt Diens World Village, orlanday Florida. ; 


The major emphasis of ‘the meeting. will bė on the latest. advances 
-in the science of neuroimaging. The Education Program is 
designed for the clinical practice of neurology and for 
. residents. This includes both basic and advanced programs with 
certification examinations. A special hands-on Transcranial 


F- l Doppler Workshop will'be featured. . Due to heavy demand, early 
i registration for eduational courses ‘is requested. Make plans now 
to attend. Ss 
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Controversies in Neurology 


The Physician’s Health Study 


A Neurologist’s Concern 


Saran Jonas, MD 


Ghould a neurologist recommend that 

an asymptomatic and healthy man 
take aspirin for prophylactic purposes 
on a long-term basis? This communi- 
cation reviews the issues engendered 
by this question. 

The results of two large studies have 
been published in the past 2 years in 
which healthy male physicians were 
randomized for long-term prophylac- 
tic aspirin treatment or for assign- 
ment to a control cohort. The subjects 
were followed up for an average of 5 to 
6 years. The Physicians’ Health Study 
(PHS),' done in the United States (as- 
pirin, 325 mg every other day), showed 
a 44% reduction in the risk of myocar- 
dial infarction (MD; the P value was 
less than .00001. The British study 
(BSF showed no such benefit (aspirin, 
300 to 500 mg daily). Rates for deaths 
from all causes were somewhat lower 
in the aspirin cohorts in both studies, 
but the reductions were not statisti- 
cally significant. In both studies, the 
aspirin cohort had a higher stroke rate 
than the control cohort (PHS, 119 
strokes among 11 037 aspirin subjects, 
and 98 among 11034 control subjects; 
BS, 91 strokes among 3429 aspirin 
subjects, 39 strokes among 1710 con- 
trol subjects). The stroke rate differ- 
ences did not reach statistical signifi- 
cance. ; 

Let us consider the possibility that 
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prophylactic aspirin ireatment in 
healthy men does indeed decrease MI 
and delay death, but at the same time 
increases stroke occurrence. This 
would pose a dilemma for the neurol- 
ogist: should a neurologist recommend 
a prophylactic program that increases 
the risk of stroke? The answer might 
be yes if other benefits clearly out- 
weigh the possible increased stroke 
risk. To quantitate this, one would 
need a way of dealing with the ques- 
tion: how many delayed nonstroke 
deaths or how many (for instance) 
prevented MIs equal how many addi- 
tional strokes? I suggest that a useful 
approach would be that of Matchar 
and Pauker, who assign values tc 
quality of life (QL) following various 
adverse events. I have done this for MI, 
stroke, and death, and present the re- 
sults below. 

With respect to QL during follow-up 
after MI the data of Olsson et al‘ are 
useful. They looked at seven levels of 
QL in patients under 70 years of age 
who had survived an acute MI (level 1, 
dead; level 7, least dysfunctional) and 
studied the effect of metoprolol vs pla- 
cebo on outcome. Patients receiving 
metoprolol did better. From Table 3 of 
Olsson et al, one can calculate that 
during the maximal atzainable follow- 
up period of 1095 days (3 years) after 
MI the percent of patient-time spent 
by the metoprolol cohort in each of the 


seven categories was 9, 9, (1), T; 49, 5, - 


and 20 (no time was spent in category 
3; the value of (1) is here inserted for 
rounding-off convenience). 

Following the lead of Matchar and 


Pauker’ let us assign QL values of 0.00, 
0.15, 0.29, C.43, 0.57, 0.71, and 0.85, 
respectively, to each of the seven cate- 
gories used by Olsson et al.* Let us then 
consider LQU, or loss of quality of life; 
this would be 1.00-QL, and would be the 
fraction of QL lost during the period of 
follow-up; if LQL is zero then no QL 
has been lost. For the seven categories 
LQL would be 1.00, 0.85, 0.71, 0.57, 0.43, 
0.29, and 0.15. From the data of Olsson 
et al,’ one cculd then estimate the LQL 
for a cohort of MI survivors who were 
followed up for 36 months while re- 
ceiving metoprolol. The estimate 
would come from the sum of the fol- 
lowing values: (LQL for a category) 
times (percent of time spent in that 
category). This would be: (0.09 x 1.00) 
+ (0.09 X 0.85) + (0.01 X 0.71) + (0.07 x 
0.57) + (0.49 X 0.43) + (0.05 x 0.29) + 
(0.20 x 0.15) = 0.4687. One could think 
of this as the LQL for the average MI 
survivor during the first 3 years of fol- 
low-up after MI. 
In the PHS the average follow-up 
was 60.2 months; it will herein be 
assumed that this figure applies to all 
subgroups in the study. In the aspirin 
group there were 129 physicians who | 
suffered nonfatal MI (see PHS Table 
1). On the assumption that the average 
time for MI was at the midpoint of the 
follow-up period, the LQL for the en- 
tire follow-up period for the average 
MI survivor was 0.00 x 0.5 = 0 (for the 
period from randomization to MI) plus 
0.4687 X 0.5 = 0.234 (for the period of 
30.1 months from MI to end of follow- 
up at 60.2 months; assumption, the 
LQL for the PHS MI patients for the 
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30.1 months after MI was the same as 
that of the patients of Olsson et al‘ for 
36 months). By similar calculation, the 
LQL for the average of the 217 aspirin 
patients who died of any cause (see 
PHS Table 3; also, see PHS Table 1, 
which shows that nine of these 217 
deaths were end-point fatal strokes) 
was (0.00 x 0.5) + (1.00 X 0.5) = 0.50 
(assumption, the average death oc- 
curred at the midpoint of the follow-up 


- period). In the aspirin group 110 phy- 


sicians (see PHS Table 1) suffered 
nonfatal strokes: 81 mild (see PHS Ta- 
ble 2) and 110 — 81 = 29 moderate or 
severe (this includes three strokes of 
unknown severity; see PHS Table 2). 
Matchar and Pauker’ assign a QL of 0.8 
for minor stroke and 0.2 for major 
stroke. The LQL for the entire follow- 
up period would therefore average 
(0.00 x 0.5) + (0.20 x 0.5) = 0.10 for 
the average minor stroke victim and 
(0.00 X 0.5) + (0.80 x 0.5) = 0.40 for 
the average major (here, moderate or 
severe) stroke victim (assumption, the 
average nonfatal stroke occurred at 
the midpoint of the follow-up period). 

From the above we can estimate the 
LQL from death, nonfatal MI, and 
nonfatal stroke for the PHS aspirin 
cohort. The calculation would be the 
sum of (LQL for each outcome times 
the number of patients with that out- 


come). For the aspirin group these . 
` values would be: 129 x 0.234 = 30.186 


for nonfatal MI; 217 x 0.5 = 108.5 for 
all deaths; 81 X 0.10 = 8.1 for minor 
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strokes; and 29 x 0.40 = 11.6 for ma- 
jor strokes; the sum is 158.886 for 
the 129 + 217 + 81 + 29 = 456 subjects 
who suffered nonfatal MI, nonfatal 
stroke, or death (one could think of this 
for the cohort as LQL that is equiva- 
lent to that which would have arisen 
from the death on the first day of the 
study of 158.886 subjects). For the 
11 087 subjects randomized for aspirin, 
the average LQL (from death, nonfatal 
MI, and nonfatal stroke) was 158.386/ 
11037 = C.01435. 

One can make similar calculations 
for the placebo group. For this group 
these values would be: 213 X 0.234 = 
49.842 fcr nonfatal MI; 227 X 0.5 = 
113.5 for all deaths (six of these 227 
deaths were end-point fatal strokes); 
68 X 0.10 = 6.8 for minor strokes; and 
(92 — 68 = 24) X 0.40 = 9.6 for major 
strokes; the sum is 179.742 for the 
213 + 227 + 68 + 24 = 582 subjects 
who suffered nonfatal MI, death, or 
nonfatal stroke. For the 11034 sub- 
jects randomized for placebo the aver- 
age LQL was 179.742/11034 = 0.016290. 

x? Analysis of the LQL values of 
158.386 fcr aspirin and 179.742 for pla- 
cebo (as if there had been 158.386 and 
179.742 deaths in the aspirin and the 
placebo groups, respectively, on the 
first day of study) gives a corrected 
value of 1.33; P is between .25 and .10. 

Thus, the overall LQL for aspirin is 
not verified as reduced to a statistically 
significant degree, and therefore the 


overall effect of aspirin on QL cannot - 


Julie E. Buring, ScD; Charles H. Hennekens, MD; Peter Sandercock, DM, MRCP: 


Rory Collins, MBBS; Richard Peto, FRS 


nour recent article,! we reviewed the 
available evidence on aspirin and 
other antiplatelet agents in the sec- 
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ondary and primary prevention of ear- 
diovascular disease. We concluded 
that low-dose aspirin should be a pos- 
sible adjunct, not an alternative, to 
coronary risk factor management and, 
in view of its possible side effects, 
should be prescribed for long-term use 
only by a physician or other health 
care provider. For primary prevention, 
aspirin is unlikely to be of much net 
benefit in young adults, except perhaps 
those few with genetic factors that 
greatly increase their risk. Among 
middle-aged and older adults, any de- 
cision to use aspirin should consider 
the cardiovascular risk profile of the 


be considered demonstrably beneficial 
from the PHS data currently avail- 
able. 

Since the overall QL is not proven as 
superior in patients receiving aspirin, 
one must question whether, consider- 
ing the possibility (also not proven) 
that there is a. risk of increase in 
stroke, the neurologist can recommend 
aspirin prophylaxis for healthy men. 


COMMENT 


The above analysis obviously de- 
pends on the QL values assigned. I 
propose that the authors of the PHS 
obtain retrospective estimates of QL 
for a suitable sample of those who suf- 
fered nonfatal stroke, nonfatal MI, or 
death, as well as for those not suffering 
these events, and that they calculate 
the LQL values for both cohorts and 
their statistical reliability. An overall 
outcome favoring aspirin would make 
a neurologist feel better about recom- 
mending the prophylactic program. 
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patient. In most circumstances it 
would be reasonable to assume that 
aspirin will reduce nonfatal myocar- 
dial infarction (MI) by about one third, 
with an effect that is still favorable 
(but probably not as large as one third) 
on death from coronary heart disease. 
No such generalization is yet possible, 
however, regarding the net effect of 
aspirin on fatal or nonfatal strokes. 
In the primary prevention trials, the 
apparent effect on stroke was not fa- 
vorable, perhaps because of a small 
number of hemorrhagic strokes, and 
the prescription of long-term aspirin 
might, therefore, be restricted to cir- 
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cumstances where the incidence of MI 
is expected to be so high that even the 
moderate reduction that aspirin can be 
expected to produce is likely to out- 
weigh any possible adverse effect on 
stroke or other conditions. 

For secondary prevention, the evi- 
dence is quite clear and consistent. For 
those with a history of occlusive 
stroke, transient cerebral ischemia, or 
coronary artery disease, aspirin defi- 
nitely reduces the subsequent inci- 
dence of both stroke and MI, as well as 
subsequent vascular mortality. Simi- 
larly, for the treatment of suspected 
evolving MI, a conclusive benefit has 
been seen for stroke and MI as well as 
vascular death. These benefits of aspi- 


rin are particularly clear in acute MI. 
Indeed, treatment of 100 patients with 
acute MI with 1 month of daily aspirin 
can preclude approximately two 
deaths and one nonfatal event. There is 
also a clear reduction in overall risk for 
patients with unstable angina and for 
those past the acute phase; indeed, for 
100 patients with MI, continuation of 
low-dose aspirin for 1 or 2 years could 
probably preclude another two deaths 
and three nonfatal events, making the 
total avoided by early and late MI 
treatment equal to four fatal and four 
nonfatal events. These are substantial 
benefits from so simple a treatment. 
The uncertainties remaining about 


- whether or when to use antiplatelet 


therapy in primary prevention do not 
imply uncertainty regarding its value 
in secondary prevention. Similarly, 
uncertainties about primary disease 
prevention for low-risk individuals 
should not interfere with the appro- 
priate management of those at high 
risk, since for many of these patients . 
aspirin has been conclusively shown to 
have a useful part to play in improving 
both the overall expectancy and the 
overall quality of life. 
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e measure what we can, not nec- 

=" essarily what is most important. 
As Jonas demonstrates with persua- 
sive clarity, quality of life and its loss 
may be more appropriate measures of 
outcome than conventional assess- 
ments of morbidity and mortality. 
Jonas concludes that, by his indexes, 
the possible benefits of aspirin in pri- 
mary prevention remain unproven, 
and worries about the possible in- 
creased risk of stroke of individuals 
receiving aspirin. The latter is not only 
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unproven, but unlikely. 

The physicians reported to have suf- 
fered hemorrhagic strokes were few, 
younger than the usual age for stroke, 
and never had their diagnosis con- 
firmed by computed tomography of the 
brain. Moreover, the experience with 
large studies with aspirin in preven- 
tion of myocardial infarction and 
stroke fail to identify ar increased risk 
for stroke of any type. 

Buring and colleagues acknowledge 
that uncertainties remain about the 


indications of aspirin in primary pre- 
vention, but invoke the evidence of as- 
pirin’s effectiveness in secondary pre- 
vention to encourage its use in high- 
risk asymptomatic individuals. 

One coulc fairly conclude that there 
are no indications for wholesale use of 
aspirin for primary prevention. Individ- 
uals should not treat themselves, espe- 
cially doctors. 

— VLADIMIR HACHINSKI, MD, DSc(MEp) 


Aspirin and Stroke-—-Hachinski 


Reminiscences. 


On Running a Small Department 


Robert D. Currier, MD 


Haie survived for 29 years as the 


chief or chairman of neurology in | 


one location, which may be at this mo- 
ment the record among active chair- 
men, and appreciating that there is not 
a great clamor for positions of depart- 
mental leadership in neurology, espe- 
cially in small medical schools, and re- 
alizing that the worries of McKhann’ 
at The Johns Hopkins University 
School of Medicine, Baltimore, Md, and 
Ringel’ at the University of Colorado 
School of Medicine, Denver, are differ- 
ent from mine in Mississippi, the urge 
to comment as I retire is hard to resist. 

In the first place, boys and girls, it is 
not too hard. All you need is the skin of 
a rhinoceros, the patience of an ant 
colony, the optimism of Pollyanna, the 
balance of a Wallenda, the willingness 
of Hercules, the morals of a vestal vir- 
gin, and the humor of Rodney Danger- 
field. You have to convince yourself 
that it really is fun. Which it is. Your 
spouse has to be comfortable living at 
a lower level than the town men who 
are pulling in the bucks and the fellow 
faculty members who are making it 
with the gadgets. But, at 9 PM, when the 
boys downtown are still in the hospi- 
tal, you will be in your easy chair 
working on a bit of research and you 
will not starve. 

A few specifics. You must deal in an 
environment of common sense and 
reason, but have optimistic expecta- 
tions for the future. There is no way 
that a small medical school can aspire 
to be one of the great medical centers 
of the world at anything more than a 
snail's pace. To expect to compete on a 
level other than the one in which you 
find yourself is only frustrating and 
will lead you to feel you are not suc- 
ceeding when in actuality you probably 
are. 

On the other hand, do not be afraid 
to dream. I have a dream for a neuro- 
science center for the University and 
the state of Mississippi. This is unrea- 
sonable for the poorest state of the 
Union at this time. But one would 





Accepted for publication July 20, 1990. 

From the Department of Neurology, University 
of Mississippi Medical Center, Jackson. 

Reprint requests to Department of Neurology, 
University of Mississippi Medical Center, Jack- 
son, MS 39216 (Dr Currier). 


Arch Neurol—Vol 47, December 1990 


guess that my medical schocl has bet- 
ter funding than 95% of scnools out- 
side the United States. We are poor 
only among our rich peers. So dream 
on, drop seeds, talk to pesple over 
cocktails, ask your rich friends for 
money. You never know, they may be 
ready. I once asked a local business- 
man to fund a research professorship 
for our department and he said he 
would think about it, and, within a 
year, he had. Thus the H. F. McCarty 
Professorship in Neurology, which is 
separately funded and self-supporting 
through the kindness of Mr McCarty 
and his family. I intend to occupy the 
chair for the next few years gs I retire 
from the chairmanship. Your dream 
will happen some day. 

Stay at home. National fame is prob- 
ably fun (I would not know), visiting is 
fun, and both are certainly a lot easier 
than staying at home and running the 
department. But if you are absent for 
more than 1 or 2 days a monta you are 
not supervising things properly. If you 
are offered time-consuming presti- 
gious national duties that will take 
you away for more than that, you will 
have to make a decision. It has never 
happened to me so I cannot advise you. 
Stay there and work. See the patients. 
Be good to your base of referring phy- 
sicians and they will be good to you. 
Help them. Teach the students. Solve 
the problems. Shuffle the paper. Keep 
your office door open a while every day. 
Every now and then you may find out 
what is going on. 3 

Academic slots in American neurol- 
ogy are in limited numbers. Try to fill 
them with people who can push the 
borders of knowledge forward even a 
little bit and not allow those of lesser 
qualifications and anibition to occupy 
one for any length of time. When you 
are hiring keep in mind that most fa- 
mous neurologists are not six-foot, 
blond, blue-eyed Aryan males. 

Recruit people who are smarter than 
you. Many of them will leave, some po- 
tentially great academics will even, 


horror of all horrors, go into private - 


practice. That is inevitable. You can- 
not make people do what ther de not 
want to do. You can tell them what you 
would like, and even ask them to do 
what you would like. But they will do 


what they want. Cry a little, but carry 
on. In the end you will have a small ex- 
cellent faculty. Love them. They will 
make you whole. 

Get.along with your fellow depart- 
ments, especially neurosurgery, medi- 
cine, psychiatry, pediatrics, and radi- 
ology. You need them more than they 
need you. Most of them will be chaired 
by reasonable people doing their job 
well, but a few will not. Do your best to 
help the bad ones move on but do not 
lie, steal, cheat, or put your own job on 
the line. Time will take care of them. 
Do not.be afraid of other departments’ 
greatness. In the long run it will help 
yours, not hurt it. Further, do not be 
afraid of allowing others to take over 
areas on the borderland between your 
department and theirs. The converse 
of that is if any department is doing a 
bad job in a borderline area it is not 
wrong to make it clear to the dean that 
you could do it better if the opportu- 
nity ever arose. It will, someday. As a 
department you will be involved in 
space wars, people wars, bed wars, and 
money wars. Ask for only what you 
really need, that which-will help you do 
the job better. Try to restrain yourself 
from asking for a new laboratory or a 
new area simply because another has 
succeeded in getting one. If the time 
comes when one is justifiable for your 
needs you will get it. 

Be honest. Even with yourself. There 
is nothing that is perceived better by 
students and residents than dishon- 
esty. Be honest when you make mis- 
takes, even in patient care. Nothing 
affords a better teaching opportunity 
than an admission that you handled 
something wrong. Keep your malprac- 
tice insurance paid up. 

Do not be afraid to fight when your 
back is to the wall. Twenty-five or 30 
years ago we had. one resident, one 
full-time faculty member (myself), and 
Dick Naef, a part-time faculty mem- 
ber. We had no full-time neuropathol- 
ogist, neuroradiologist, pediatric neu- 
rologist, or neuro-ophthalmologist. 
We were inspected by the accrediting 
agency for Board approval that had 
been in place when [ arrived a year or 
two before. After the inspection they 
wrote that we were disapproved. When 
I inquired they said that it was because 
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of inadequate teaching of the resi- 
dents. When I called to ask what that 
meant, they said that we had too few 
instructors. This was at the time of the 
integration troubles at Ole Miss and 
recruiting was impossible. I was it. I 
talked it over with Bill Bowlus, our 
resident, and we agreed to make them 
an offer. He and I would go to Chicago 
at our expense and he would stand in 
front of a board of neurologists of their 
choosing and answer any questions 
based on his first. year’s experience 
that they chose to ask. If they then said 
that our educational efforts were in- 
adequate we would-agree. After a few 
weeks we heard that we would be rein- 
spected. A few months later we were 
reinspected and approved. Nothing 
had changed..I was still the only full- 
time faculty member. Armin Haerer 
joined the faculty a year or two later 
and saved my sanity. He and my wife. 
In the long run, you will get what you 
‘want. If you want a clinical depart- 
ment that is what you will end up with. 
If you want a research-oriented de- 
partment you will get one, even in 
Mississippi. Your co-fa¢ulty members 
and your dean will understand your 
aim. If you desire a research program 
do not be discouraged when your 
grants are turned down by the NIH, 
_ Bethesda, Md, even more than once. 
Support can be obtained elsewhere or 
you may even learn to write National 
Institutes of Health-approved grants, 
although that is unlikely for a clinical 
chairman unless he has a previous 
track record. You are competing with 
basie scientists who may take off as 
long as 6 months to write a grant, 


whereas yours may go in after a long . 


weekend. ; 

Develop a research interest of your 
own. This is important. Others will re- 
late te it and before you know it you 
may have one of the best centers for 
your particular interest in the country. 
People with similar interests will 
gather around you and basic scientists 
who understand-your work will help 
you. 

About the residents. Select them 
carefully. There are more slots than 
there are applicants of good quality so 
those who come with you could proba- 
bly find places somewhere else. Never- 
theless, if you have an applicant who 
does not measure up you are better off 
rejecting than accepting him. It will 
improve morale in your resident group 
even though they are shorthanded and 
the message will be passed to the stu- 
dent body. In this respect, the present 


rule about the “critical number” of two: 


for each resident year is arguable. The 
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critical number should apply to the 
residency group as a whole, particu- 
larly for small residencies. Otherwise 
we are tempted to fill holes with plugs 
that are not of high quality. Our resi- 
dency slots have never been completely 
full in 29 years. Remember, those you 
train will bear your mark and carry 
your flag forever. 

The present move toward placing 
board examinations in the residency 
years is good. It will improve quality 


_control and may allow residency train- 


ing to become open-ended and eventu- 


ally will give the recertification pro- 


cess real meaning. 

Let the residents know the rules in 
the beginning and make a note of it, if 
possible. This is true particularly in 


. terms of their performance on the in- 


service examination, moonlighting, 
call schedules, patient care, and teach- 
ing. Take care of them. Fight their 
fights with them or for them if neces- 


. sary. Look after their needs. Be pliable. 


Women are different from men. They 
have babies and their priorities are in 
a different rank order. Many of them, 
however, will be great practicing and 


. academic neurologists. They have good 


hearts and are less interested in the 
big buck. In return for this you will be 


for all the residents somewhere ke- . 


tween an uncle and a father. You will 
hear from them the rest of your lize. 
Love them. They will make you wise. 

Do not threaten, complain, or cry in 
the dean’s presence. Do not offer to 
quit unless you are ready to go. You 
know how rarely a division of neurol- 
ogy becomes a department without a 
loss of its leader. I was in the position 
of wanting to stay in Mississippi kut 


‘also wanting a separate department 


many years ago. Promises were de- 
layed and finally I typed out a letter of 
resignation and one morning showed it 
to my department chairman. He told 
me to hold on, he would see what he 
could do. I had an appointment with 
the dean that afternoon. The letter was 
in a long envelope sticking up from my 
white coat side pocket as I walked in to 
see him. He and I chatted and he 
agreed that after certain things were 
done he would support the move and 
after that looked me in the eye and said 
that the only thing he really did not 
like was to be threatened. While re- 
plying that that was not my intention, 
I slowly reached over with my left 
hand and stuffed down the letter. That 
dean, Norman Nelson, is still here and 
I must say he is close to ideal in every 
respect. He is very good at what he 
does and even better he likes what he 
is doing. The medical center and hos- 


pital administration have been superb. 
And the popular, legislative, and phy- 
sician support of the medical center 
have been excellent these 80 years. The 
people of Mississippi are proud of their 
medical center, a cheerful situation. 
We are lucky. ` l 

Go down in the trenches. Take your 
turn on the teaching rotation in the 
clinics and on the wards. If someone 
offers the department a slot for a lec- 
ture on neurology, never turn it down. 
Bob Jampel taught me that. When you 
are walking up to the ward to start 
rounds at 3 AM on Monday morning re- 
mind yourself that you are happy and 
this is really what you want to do more 
than anything else in the world. Love 
the medical students. They will glad- 
den your heart. 

Do not become a dean unless you re- 


` ally want to. Unless you are the rare 
’ exception you cannot be a dean and a 


department chairman simultaneously 


- and do them both well. If you have a 


natural talent for deaning then do it, 
but if you want to be a neurologist and 
if you suffer with migraine stay away 
from it. 

Do not move from your position toa 
similar and possibly “better” position 
elsewhere unless there is something 
there that will enable you to do your 
job better. Increased prestige, in- 


creased power, greater numbers of fac- 
ulty, or greater numbers of residents 


are not good reasons for leaving. 

Do not retire from your chair for 
small reasons. The ticking of the clock 
is not a small reason. When I see what 
is being offered my successor I some- 
times wish I were 20 years younger and 
in his shoes. But it is his turn now. 

Academic neurology combines the 
beauty of teaching young people, the 
pleasure of research with its occa- 
sional small discovery, and the satis- 
faction of patient care, all in the con- 


text of that most interesting portion of’ 


medicine, the study of the nervous 


system, “the queen of the arts” (Bert 


Sprofkin}. It is best done in a smaller 
setting. What you will have in leading 
your small department is one of the 
world’s most splendid and rewarding 
jobs. You will be loved, respected, and 
honored probably more than you de- 
serve. 
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Dilantin® KAPSEALS® (Extended Phenytoin Sodium Capsules, USP) - 
Before prescribing, please see full prescribing information. A Brief Summary follows. 


INDICATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
mal) and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
of seizures occurring during or following neurosurgery. 

Phenytoin seram level determinations may be necessary for optimal dosage adjustments (see 

Dosage and Administration and Clinical Pharmacology in the full prescribing information). 
CONTRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 
to phenytoin or other hydantoins. . 
WARNINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
epilepticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
ation, or substitution of alternative antiepileptic medication arises, this should be done gradually. 
However, in the event of an allergic or hypersensitivity reaction, rapid-substitution of alternative 
therapy may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
belonging to the hydantoin chemical class. - 

There have been a number of reports suggesting a relationship between phenytoin and the 
development of lymphadenopathy (locai or generalized) including benign lymph node 
hyperplasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
relationship has not been established, the occurrence of lymphadenopathy indicates the need 
to differentiate such a condition from other types of lymph node pathology. Lymph node 
involvement may occur with or without symptoms and signs resembling serum sickness, eg, 
fever, rash and fiver involvement. 

In all cases of lymphadenopathy, follow-up observation for an extended period is indicated and 
every effort should be made to achieve seizure control using alternative antiepileptic drugs. 

Acute alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
decrease serum levels. . 

In view of isolated reports associating phenytoin with exacerbation of porphyria, caution should 

be exercised in using this medication in patients suffering from this disease. 
Usage in Pregnancy: A number of reports suggests an association between the use of 
antiepileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
to these women. Data are more extensive with respect to pen and phenobarbital, but these 
are also the most commonly prescribed antiepileptic 
drugs; less systematic or anecdotal reports suggest a 
possible similar association with the use of all known 
antiepileptic drugs. 

The reports suggesting a higher incidence of birth 
defects in children of drug-treated epileptic women 
cannot be regarded as adequate to prove a definite 
cause and effect relationship. There are intrinsic 
methodological problems in obtaining adequate data 
on drug teratogenicity in humans; genetic factors or 
the epileptic condition itself may be more important 
than drug therapy in leading to birth defects. The great 
majority of mothers on antiepileptic medication deliver 
normal infants. itis important to note that antiepileptic drugs should not be discontinued in 


patients in whom the drug is administered to prevent major seizures, because of the strong - 


possibility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
cases where the severity and frequency of the seizure disorder are such that the removal of 
medication does not pose a serious threat to the patient, discontinuation of the drug may be 
considered prior to and during pregnancy, although it cannot be said with any confidence that 


. even minor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 


physician will wish to weigh these considerations in treating or counseling epileptic women of 
childbearing potential. 

in addition to the reports of increased incidence of congenital malformation, such as cleft 
lip/palate and heart malformations, in children of women receiving phenytoin and‘other antiepileptic 
drags, there have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
growth deficiency, microcephaly and mental deficiency in children bom to mothers who have 
received phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
interrelated and are frequently associated with intrauterine growth retardation from other causes. 

There have been isolated reports of malignancies, including neuroblastoma; in children whose 
mothers received phenytoin during pregnancy. 

An increase in seizure frequency during pregnancy occurs in a high proportion of patients, 
because of altered phenytoin absorption or metabolism. Periodic measurement of serum 
phenytoin levels is particularly valuable in the management of a pregnant epileptic patient as a 
guide to an appropriate adjustment of dosage. However, postpartum restoration of the original 
dosage will probably be indicated. 

Neonatal coagulation defects have been reported within the first 24 hours in babies born to 
epileptic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
or correct this defect and has been recommended to be given to the mother before delivery and 
to the neonate after birth. : 

PRECAUTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients 
wit? impaired liver function, elderly patients, or those who are gravely ill may show eariy, signs 
of toxicity. 


A smali percentage of individuals who have been treated with phenytoin has been shownto ` 


metabolize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
of induction; it appears to be genetically determined. . 

Pnenytoin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
discontinuation). if the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
Johnson syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
resumed and alternative therapy should be considered. (See Adverse Reactions.) if the rash is 
of a milder type (measles-like or scarlatiniform), therapy may be resumed after the rash has 
completely disappeared. if the rash recurs upon reinstitution of therapy, further phenytoin 
medication is contraindicated. 

Phenytoin and other hydantoins are contraindicated in patients who have experienced 
phenytoin hypersensitivity. Additionally, caution should be exercised if using structurally similar 
{eg, barbiturates, succinimides, oxazolidinediones and other related compounds) in these same 
patients. 

Hyperglycemia, resulting from the drug's inhibitory effects on insulin release, has been 
reported. Phenytoin may also raise the serum glucose level in diabetic patients. 

Osteomalacia has been associated with phenytoin therapy and is considered to be due to 
phenytoin’s interference with Vitamin D metabolism. 

Phenytain is not indicated for seizures due to hypoglycemic or other metabolic causes. 
Appropriate diagnostic procedures should be performed as indicated. 

Phenytoin is not effective for absence (petit mal} seizures. If tonic-clonic (grand mal) and 
absence (petit mal) seizures are present, combined drug therapy is needed. 

Serum levels of phenytoin sustained above the optimal range may produce confusion! states 
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referred to-as “delirium” “psychosis” or “encephalopathy, or rarely irreversible cerebellar 
dysfunction. Accordingly, at the first sign of acute toxicity, plasma levels are recommended. Dose 
reduction of phenytoin therapy is indicated if plasma levels are excessive; if symptoms persist, 
terminatian is recommended. (See Warnings.) 

Informatizn fo” Patients: Patients taking phenytoir should be advised of the importance of 
adhering strictly to the prescribed dosage regimen, and of informing the physician of any clinical 
condition in which it is not possible to take the drug drally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages witho first 
seeking the physician's advice. 

Patients shot id be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene shoulc be stressed in order to minimize the 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage ad ustrrents. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or 
which pherytoin may affect. Serum level determinations for phenytoin are especially helpful 
when poss bie drug interactions are suspected. The most commonly occurring drug interactions 
are listed telow. 1. Drugs which may increase phenytoin serum levels include: acute alcoho! 
intake, am odarane, chloramphenicol, chlordiazepoxide, diazepam, dicumarol, disulfiram, 
estrogens, Ho-antagonists, halothane, isoniazic, methylphenidate, phenothiazines, 
phenylbutazone, salicylates, succinimides, sulfonam des, tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels includ3: carbamazepine, chronic alcoho! abuse, 
reserpine, and sucralfate. Moban® brand of molindore hydrochloride contains calcium ions 
which interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid 
preparations con-aining calcium should be staggered in patients with low serum phenytoin levels 
to prevent absorption problems. 

.3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, 
sodium valcroate, and valproic acid. Similarly, the effecc of phenytoin on phenobarbital, valproic 
acid and sodium valproate serum levels is unpredictatde. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in 
susceptible patie its and phenytoin dosage may need -o be adjusted. 

5. Drugs waose efticacy is impaired by phenytoin 
include: corteosteroids, coumarin anticoagulants, 
digitoxin, doxycycline, estrogens, furosemide, oral 
contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may 
cause decreasad serum levels of protein-bound iodine 
(PBI). It may aBo produce lower than normal values for 
dexamethaser e or metyrapone tests. Phenytoin may 
cause increased serum levels of glucose, alkaline phos- 


phatase, and gamma glutamy] transpeptidase (GGT). - 


Carcinogenesis: See “Warnings” section for informa- 
i tion on carcincgenesis. 
Pregnancy: See Vamings. - 
Nursing Mothers: nfant breast-feeding is not recommended for women taking this drug because 


. phenytoin appears to be secreted in low concentrations in human milk. 


ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered 
with phenytoin the-apy are referable to this system and are usually dose-related. These include 
nystagmus, ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, 
insomnia, trar sient nervousness, motor twitchings, and headaches have also been observed. There 
have also been rare reports of phenytoin induced dyskinesas, including chorea, dystonia, tremor 
and asterixis, similar to those induced by phenothiazine and other neuroleptic drugs. 

A predomir antly sensory peripheral polyneuropathy has been observed in patients receiving 
long-term phenyto n therapy. 
Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 


` Integumentary System: Dermatological manifestations sometimes accompanied by fever have 


included scar atiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most 
common; othar types of dermatitis are seen more rarely. Other more serious forms which may 


be fatal have ircluded bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens- 


Johnson syndrome, and toxic epidermal necrolysis (see Precautions). 

Hemopoletic System: Hemopoietic complications, some fatal, have occasionally been reported 
in association sith edministration of phenytoin. These have included thrombocytopenia, leuko- 
penia, granulozytopenia, agranulocytosis, and pancytopenia with or without bone marrow sup- 
pression. While macrocytosis and megaloblastic anemia have occurred, these conditions usually 
respond to folic acid therapy. Lymphadenopathy including benign lymph node hyperplasia, pseu- 
dolymphoma, lymphoma,.and Hodgkin's Disease have baen reported (see Warnings). 
Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hwpertrichosis and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

immunologic: Hypersensitivity syndrome (which may indude, but is not limited to, symptoms 


- such as arthralgias, 2osinophilia, fever, liver dysfunction, ymphadenopathy or rash), systemic 


lupus erythematosus, immunoglobulin abnormalities. 


OVERDOSAGE: The ethal dose in children is not known. The lethal dose in adults isestimated - 


to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are 
tremor, hyperreflexia, lethargy, slurred speech, nausea, vomiting. The patient may become 
comatose and hypotensive. Death is due to respiratory ard circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where 
toxicity may occur. Nystagmus, on lateral gaze, usually eppears at 20 mcg/mL, ataxia at 30 
meg/mL, dysarthria end lethargy appear when the plasma concentration is over 40 meg/mL, but 
as high a conce ttration as 50 mcg/mL has been reported without evidence of toxicity. As much 
as 25 times the therepeutic dose has been taken to result in a serum concentration over 100 
meg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy’ of tre respiratory and circulatory systems should be carefully observed and 
appropriate sup3ortive measures employed. Hemodialysis can be considered since phenytoin 
is not completely bound to plasma proteins. Total exchance transfusion has been used in the 
treatment of severe irtoxication in children. 

In acute overcosags the possibility of other CNS depressants, including alcohol, should be 
bome in mind. 
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À Information: . 


An Outstanding Review and Update 


The Biologic Basis of Neurology and Psychiatry: 
| A Review for Board Candidates and _ 
_ Established Practitioners 


` February 18 = 22, 1991 
°- Chicago ` ° 


An intensive 42- Pane review of the sciences- dabe the clinical 3 
_ problems in neurology, psychiatry, and. neurosurgery. ‘Emphasis i is on all 

- the relevant “-ologies” — neurophysiology, neuroimmunology, i 
_. neuropathology, neurovirology, neuropharmacology —"as well as 7 


neuroanatomy, ee and neuroimaging, . 


An. ideal way to supplement yoùr study for the written Boards or, to oken 


current, in basic neurology. 


Gbro Coordinator - 


John R. Hughes, M. D., Ph. D., Professor of a 


University of Ilinois College of Medicine at Chicago’; 


The Cook County Graduate School of Medicine is not affiliated with the TRS of Cook or rany Í 


-ofits agencies, including Cook County Hospital, 


The TEER of Neoroloay 


Walversity of Miami School of Medicine | a 
Presents 


NEUROLOGICAL UPDATE 1991 
February 6-9, 1991 E Bal Harbour, Florida 


GUEST F ACULTY. 


Barry G.W. Arnasön M. D. 


` Joseph Jankovic, M.D. 
Chicago, Ilinois iY 


Houston Texas 


Larry E. Davis, M.D. - 
Albuquerque, New Mexico 


Ronald L. Hayes, Ph.D. 
Richmond, Virginia 


z Toronto, Ontario, ‘Canada 


B.J. Wilder, M.D: -° 
Gainesville, Florida 


- This course is aimed at adult and pediatric neurologists ; nelirosurgeons, 


and psychiatrists, although internists and general, „practitioners may.also 


` find the topics timely and useful. The course is designed to provide 


clinicians with the most recent developments i in the diagnosis and manage: 
ment of neurologic disorders. 


‘Upon completion of the course, the.participant should bë 'ablė to: 
Apply to clinical practice the current concepts in the diagnosis and man- . 
- agement of transient ischemic attacks, cavernous sinus syndromes, ocular’ 


motility disorders, botulism; ciguatera, neurocysticercosis, neurosyphilis, 
congenital AIDS, early and late Parkinson’ s disease, dystonias, Hunting- 
ton's disease, Tourette’ s syndrome, daytime sleepiness, peripheral 
neuropathies, myasthenia gravis, ALS, muitiple sclerosis and different 
types of seizures acne 5 status epilepticus. 


Hours: 20.5AMA Category . 1 ys 
Tuition: $425 prior to January: 15, 1991 
© < - $475 as of January 15, 1991 ° . 
3275 physicians i in training, US militafy/government 


Division of Continuing, Medical Education’ 3 
P.O. Box.016960, D23-3 2 
Miami; Florida 33101 

Telephone: (305) 547-6716 ` 





“Anthony E: Lang, M.D, F. R. c P. O : 


Presented by: 

~ THE Sy.” 
GRADUATE | 
SCHOOL Mince 


CME of Distinction ` 

For More Than’ Half a Centiiry 

“ For more information, call 
` toll-free anytime i 


` 1-800-621- -4651 | 
-Or write to us at 

707 South Wood Street 
-Chicago, Illinois 60612 





ELEC) TRONYSTAGMOGRAPHY 


Short Courses for Physicians, Audiologist 
and Technicians f 


Srii by The Methodist Hospital and the In- 7 
stitute of Otorhinolaryngology and Communicative 


Disorders, The Neurosensory Center of Houston. 
‘March 8, 9; 10, 1991 


Two ae three- -day intensive courses in ‘clinical 
ENG are offered. The technicians’ course: stresses 


practical aspects of test technique, and-the physicians’ i 


course stresses clinical applications, Audiologists may ` 
take ‘a specially scheduled program which includes 


. parts of beth the techniques and ` interpretation - 


course.’ The courses rely heavily.on ‘tutorial teaching 


‘methods to allow ample opportunity. for P upea iae 


trial-and-error learning- 


A report of each technician trainee’s performance, in- 


cluding examination scores and an evaluation of 


- technical competence, will be given the trainee and 


the employer. 


Alfred Cc. Coats, M.D. 
and Staff 


Limited enrollment 


Course Instructors: 


“Tuition: — $450.00 


_ Address inquiries to: ENG Laboratory, NA 400, 


The, Methodist Hospital, 6565 Fannin,. racy 


. Texas 77050 a 798- 5925.. 





A COMPREHENSIVE} REVIEW OF 


MOVEMENT DISORDERS _ 


FOR THE CLINICAL PRACTITIONER © 
at the Hotel Jerome, Aspen, Colorado | 


_ August 4—7, 1991 


ae l Featuring: 
“Sixteen hours of lectures and oe demonstrations 
over four days i in the Bey Mountains. 


COLLEGE Op 


35284 BAYLOp 


o 


FED CATION 


STANLEY FAHN, M. D. - C. ‘DAVID MARSDEN, D. Se: 7 "JOSEPH JANKOVIC, M.D. 


H. Houston Merritt >- - Professor & Head + $3, ©. Professor.of Neurology 
Professor of Neurology = `. "Department of Clinical Neurology . - Baylor College of Medicine 
: ` Columbia University § _ +... „The National Hospital. -~ - Houston, Texas 

College of Physicians & Surgeons” ` — >` f poea aia ae yen. ie 
© > New York, New York ga a i ; ; 


Physicians: $425; Fellows & Residents i in training: $250. 
Tuition fee includes-a syllabus, continental breakfasts and refreshments. 


Approved for 16 Credit Hows) in Category. 1, A. M.A’s Physician's 5 s Recognition Award. 


- Topics ¢ Partial List). 


Chorea, Dystonia, Gait Disorders, Myoclonus, Parkinson’ 'S Disease, Parkinson-Plus syndromes, 
s Psyehogenc Movement Disorders, Tardive Dyskinesia Syndromes, Tics, Tremors s K 


“. Recreational Activities Available Lom 


Aspeù M Music Festival, Balloon Rides, Fly- Fishing, Golf, Hiking,- 
Horseback Riding, Swimming,’ Tennis, White-Water Rafting 


Additional Information < 
Contact: Center for Continuing Education, 630 w 168th St, NY, NY ied [Elephone (212) 303: 3682] 


Neurology PM 1806(91) : os ` a * COLUMBIA UNIVERSITY °°. , EA $4250 
' August 4—7, 1991 l _ Continuing Education Application E Form ts i 

[] Please send me further information — . MOVEMENT DISORDERS ` . > “In training with letter from Chairman 

O Please register me. i nae ree A oe oN ee : 





NAME = ee ae Dienn ponent |. Telephone ( a 
ae Middle | ee i oom 


*Fellows & *Residents $250 L] - 








E RUDEES an : = : 
g Street, p ME . E city States 





Hospital Medical School Affiliation ences. Ose ae rie Telephone a -) 
Degree ` Year - ee en — University n “Specialty 
DATE SA “SIGNATURE 
To register, please make your check payable to COLUMBIA: UNIVERSITY, and mail with this form to: _ , 
Cénter for Continuing Education, 630 West 168th Street, New York, NY 10032 ae 

ALL FOREIGN PAYMENTS SHOULD -BE MADE BY A DRAFT ON A UNITED STATES BANK ` | 
Refunds for withdrawal, after deducting $25 administrative charge, made paly upon written equest received prior to my 15, 1991. 
No refunds after this date. : . ‘ 





Drug Evaluations 
Subscription | 


new looseleaf format 


See for yourself 
how DRUG EVALUATIONS Subscription 


can enhance your practice 
How do you decide what to | 
prescribe for hypertension in 


diabetics? How do you determine 
whether a patient’s impotence 

is amenable to drug therapy? How 
do you determine if the drug you 
want to prescribe is safe for a pregnant patemi And how do you stay abreast of new 
prescription medications? 


You'll find authoritative answers to most of the drug questions you encounter in daily 


practice in DRUG EVALUATIONS Subscription from the American Medical Association. 


Now the most clinically relevant reference available on prescription drugs comes in a 
convenient new looseleaf format, updated quarterly. With DE Subscription, youll 
always have the most current information at hand. 


Order a chapter for review — absolutely free 

Call the AMA toll-free today for a free sample. And see for yourself how DE Subscription 

can enhance your practice. Choose one of four newly revised chapters: Antihypertensive 

Drugs, Drugs Used in Male Reproductive Dysfunction, Antiviral Drugs, or Drugs Used 
in Mood Disorders. 


Become a Charter Subscriber — and save 20 percent 

DE Subscription is available at a special rate through Dec 31, 1990. A year’s charter 
subscription, including sturdy binders, slipcase, and quarterly updates, now costs just. 
$116. That’s 20 percent off the regular price. 
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To order your free chapter, just call the AMA's toll-free number. Or use your Visa or 
MasterCard to become a Charter Subscriber today — and save 20 percent. 


The special Charter Subscriber offer is good through Dec 31, 1990. This offer cannot be combined with any 


orner discount otter. 
* Visa or MasterCard number must accompany phone orders. 
* Please allow 6-8 weeks for your subscription to begin. 


-e Call 1-800-621-8335 for price quotes on special orders for medical students and residents. 
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Serum hormones in male epileptie tients receiving anti- 
convulsant médication [Isojärvi] 670 (Je) 3 


Valproate-induced coma with ketosis and.carnitine insuffi- 
ciency [riggs] 118k O9 


lographic correlates`of cogni- - 


of adult-onset iiopthe toric Ushan- : 


Valsalva’s ‘Maneuver. 
Convergence” nystagmus. ‘associated with Arnold-Chiari 
malformation [Mossman|.357 (Mr); correction (editorial 
- apology) {Joynt]} 727.0y) - 
, Varicella see Chickenpox -_ 
- Vascular Diseases - 
.. Vertigo of vascular origin (letter) [Millikan] 12 (Ja) 
` Vasoconstrictor Agents . 
- Blood pressure fluctuations in dysautonomia of Guillain- 
‘Barré syndrome [Ropper] 706 We) 
ve original i i sbi i 
pisedic yperammonemia in adult siblings wit! eror- 
: nithinemia, hyperammonemia, - and Retain 
syndrome [Tu 31184009 
Vegetative State see Coma 
- Vertebrobasilar insufficlency, - 
Downbeat nystagmus associated with dolichooctäsia of the 
vertebrobasilar artery (letter) [Gans] 848 (Au) 
No diaschisis after stroke (letter) (Stolaberg] (reply) [Le- 
vine] 621 (Je) 
Vertigo of vascular origin (etter) [Millikan] 12 (Ja) 
Vertigo - 
Vertigo of vascular origin (etter) [tilikan] 12 (Ja). 
Xim m th fi lympho f th 
uvant chemotherapy for primary lymphoma of the ĉen- 
tral nervous system [Chamberlain] 1113 (Oc) 
* Vision, Monocular x 
Antons syndrome'in a patient with 
- neuropathy and bifrontal contusions 
Visual Cortex ~~ 
Anton’s syndrome in-a patient, with sosttraumatic o tie 
-neuropathy and bifrontal contusions [McDaniel] 1855 (De) 
DEN striatocapsular infarct: a clinical and pathophysiologi- 
entity [Weiller] 1085 (Oc) 
Magnetic resonance roe ofthe human lateral | geniculate 
body {Horton} 1201 ¢ 


josttraumatic optie 
cPaniell oat Je) 


` Visual Fields 


Pediatric cerebrovascular disease: alterations of regional 
cerebral blood flow detected by TC 99m- HMPAO SPECT 
[Shahar] 578 (My) . 

Visual Perception - i 

Effects of passive tactile and auditory stimuli on left visual 
„neglect [Hommel] 573 My) : 

- Vitamin B12 

Neurologie and evoked potential abnormalities in subtle 


- _ cobalamin deficiency states, including deficiency without _ 


anemia and with normal absorption of free cobalamin 
[Karnaze] 1008 (Se) 

Vitamin B12 reper | 

Neurologie and evoked, potential abnormalities i in ‘subtle 
cobalamin deficiency states, including deficiency without 
anemia and with normal absorption of free cobalamin 
[Karnaze} 1008 (Se) F 

Vomiting 

Hereditary cerebral hemorrhage with amyloidosis-Dutch 
type:- clinical and computed tomographic analysis. of 24 
cases [Haan] 649 Ge) 


2 w 
Wechsler Scales 
Neuropsychological granges i in olivopontacerebellar atro- 
phy [Berent] 997 (Se) 
Wedensky Inhibition see Neural Conduction 


_ Wernicke Area see Temporal Lobe 


Wheelchairs 

Rolling chair sign (letter) [Cole] 1170 (No) 

Whites , 

. Racial differences in the anterior circulation of cerebrovas- 
cular disease: how much can be explained by risk factors? 
[Inzitari] 1080 (Oe) - 

ao Coaguiation Time see Blood Coagulation š 


Wilson's Disease see Hepatolenticular Degeneration 

Wisconsin 

Amyotrophic lateral sclerosis: case-control study following 
detection of cluster’ in small Wisconsin community 
- [Sienko]38 (Ja) i 

“Women “ 

rete controversy: magnesium sulfate in the treat- 
- ment of eclamptic seizures [Kaplan] 1081; continuing con- 
`  troversy: magnesium sulfate in the treatment of eclamp- 
tic seizures [Hachinski] 1032 (Se) 

Duchenne muscular dystrophy manifesting carriers (letter) 
[Boylan] treply) [Barkhaus] 951 (Se) 

World Association Tests | 

Late recovery of auditory comprehension in global aphasia: 
im roved recovery observed with subcortical temporal. 

us lesion vs Wernicke’s cortical area lesion [Naeser] 

425 (Ap) } 


ee, 


X chromosome es i i R 
ntronuclear hy and type-1 h; otro y without 
central nuclei: rst istint nosologic centities? [Lo] 273 (Mr) ` 
Linkage of DNA markers at Xq28 to adrenoleukodystrophy , 
and Eieeoean ye ceienemnat ny present within same family 
os es] G6 665 (Je) . 
ed spinal-muscular atrophy (Kennedy's syndrome): a 
Kindred with hypobetalipoproteinemia [Warner] 1117 
4 e) 
X Chromosome 4 seo Chromosomes, Human, Pair 4 
Xenon. 
Leuko-araiosis, cerebral atro 
aa aging [Kobari] 161¢ 
tal dysfunction in attention deficit and h 


hy, and cerebral perfusion į in. 
e 
rkinetion. 


A aes {Lou] 46:48 (Ja); correction, 47:382 (AD) (Ap) 
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payment to: 
OP390890 
PO. Box 2964 


State Tax 
AZ 6.70% 
AR 6.09% 
CA 7.25% 
CT 8.00% 
DC 6.00% 
GA 6.00% 
ID 5.00% 
IL 8.00% 


GQ204 





American Medical Association 


Milwaukee, WI 53201-2964 


State Tax 
IA 4.00% 
KS 6.25% 


MN 6.50% ` 


NE 6.50% 
NV 6.00% 
NM 5.875% 
NY 8.25% 
NC 5.00% 
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Leseeutis anti adtatnnntmanent shauna’ 


Get the most comprehensive, 
reliable source of —" ae 
information i inthe U.S. | 


YES, reserve my copy of the American 
Medical Directory, 32nd edition today. 


Complete and mail along with your 


Book and Pamphlet Fulfillment- 


e Payment must accompany Order Form 
e Prices subject to change without notice 
¢ Allow 4-6 weeks for delivery 


State Tax 

ND 5.50% 
OH 7.00% 
SC 5.00% 
TN 7.75% 
WA 8.10% 
WY 6.00% 
Wi 5.50% 





Order your copy of the American _ 
Medical Directory, 32nd edition today! 


Since the premier edition was published in 1906, 
the American Medical Directory has been the defin- 


itive. authoritative source of information on the 


entire U.S. physician population. Now, the 32nd 
edition—completely revised and updated-is available 
for immediate shipment. . 


Updated information you can irust 

Featuring more than 633,000 listings in four hand- 
somely bound volumes, the Directory provides you 
with over 6,000 pages of the most current demo- 
graphics, credentials and professional information 
on every physician in the United States. All entries 
have been verified by primary sources so you know 
you're getting the most accurate information 
available. | 


Order your copy üii 

To order by mail simply comiplete and mail the 
Order Form below, or call toll-free 1-800-621-8335. 
Please have your Visa or MasterCard ready. Demand 
for the previous edition exceeded supply~so order 
your 4-volume set today. 


Please send me: 





___ copies (4 volumes each) @ $495.00 $ 


Sales tax where applicable (see chart below) S 
Total § 
Method of payment 


Enclosed is my check, payable to: 
American Medical Association 

















Visa MasterCard 
Account # Ba 7 Exp. date 
Cardholders Signature Daytime phone 
2 j A 
Name 
Address 





City/State/Zip 
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-Grand Rounds © 
on Medical 
Malpractice 


e A primary resource book in medical 
:  Uability and risk management 


© Suitable for individual or group study 
: e AMA PRA Category 1 CME credit ‘ 


Each chapter includes a medical case scenario, discussion questions, a 
thorough exposition of the chapter topic, selected articles reprinted from * 


the medical literature, and an annotated bibliography. y 


Grand Rounds was written by Francis X. Campion, MD, with the Risk z 
Management Foundation of the Harvard Medical Institutions. The l 
Harvard Medical School has incorporated Grand Rounds into its 1990-91 *. 


curriculum. 


‘Order Grand Rounds on Medical Malpractice today. Call toll-free 


1-800-621-8335 


Grand Rounds on Medical Malpractice, (OP 630690) soft cover, 360 pages. 
AMA member price: $40.00; non-member price: $55.00. 


The CME Test Packet for Grand Rounds on Medical Malpractice (0P 630890) : 
offers seven tests; two Category 1 CME credits per test. Purchased with book: $5.00. 5 
purchased alone: $10.00. Test administration: $30. ; 








Build a strong foundation 
in the fundamentals 
of medical liability 


and risk management. 


Physician-Patient 
Relationship 


Negligence 





Informed Consent 


Adverse Outcomes 


The Impaired 
Physician 





Professional Liability 
Insurance 


Peer Review 
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Classified Advertising 


All classified advertising orders, correspondence and payments should be directed to: Archives af Neurology, P.O. Box 1510, Clearwater, | 
Fiorida 34617. Our telephone numbers are: 800-237-9851; 813-443-7666. Please do not send classified ads, payments or related 
correspondence to the AMA headquarters in Chicago. This causes needless delay. 


Inquiries about “BOX NUMBER” advertisements: All replies must be in writing and must cite the box number in the ad. Example: à 
, c/o AON, P.O. Box 1510, Clearwater, Florida 34617. We are not permitted to divulge the identity of advertisers who wish their # 
mail sent in care of Archives of Neurology. 


Box 











CLASSIFIED 
INFORMATION 


Regular Classified. 1Time 3Times 

or more” 
Cost per word $1.00 $ 90 
Minimum.ad: 20 words. per issue 


“In order to earn the three-time rate, your ad must be placed 
and prepaid at the same time for three or more issues. 


Counting Words: Two initials are considered 
one word, each abbreviation is considered 
one word, and figures consisting of a dollar 
sign and five numerals or less are considered 
one word. Cities and states consisting of two 
words or more are counted as one word: l.e., 
“New York” and “Salt Lake City." Zip code is 
considered one word and must appear in all 
ads. Telephone number with area code is 
considered one word. When box numbers are 


used for replies, the words “Box ____., c/o 
AON” are to be counted as three words. 

Classified Display 1Time 3Times 
Full page $536 $482 
Two-thirds page 458 412 
One-half page 405 364 
One-third page 321 289 
One-sixth page 214 193 
Column inch 55 50 


Minimum display ad: one column inch. 
12-time and 24-time rates available on request. 


Display Production Charge: The publication 
will pub-set advertisements upon request. 
The typesetting fee is 10% of the one-time ad 
cost shown above. Special requests will be 
billed to the advertiser and/or agency at the 
then prevailing rates. 


Box Service 


Available for all ads. The cost is $15.00 for the 
first issue only. Responses- to your ad will be 
consolidated in our office and promptly 
mailed directly to you. 


` Closing Date 


The 25th of the second month prior to issue 
date. Example: The November issue closes 
September 25th. No ads can be cancelled 
after the ciosing date. 


Send all copy, correspondence, production 
materials and payments to: 


Neurology 


Classified Department 
P.O. Box 1510, Clearwater, Florida 34617 


For assistance with your ad schedule call toll free: 
800-237-9851 O 813-443-7666 





-§00-bed tertiary care hospital, 
residency program, academic affiliation with UNC- 













Professional Opportunities 


EXPANDING DYNAMIC neurology practice — 
BC/BE neurologist to join a busy, rapidly growing 
group neurology practice in Virginia suburbs of 
Washington, DC. Excellent opportunity for a com- 
passionate, personable, hard working person to join 
our comprehensive neurodiagnostic team. Subspe- 
cialty training, especially EEG, evoked potentials, 
EMG, or sleep disorders preferred. Teaching and 
faculty appointments available. Send CV to: D. 
Hope, Neurology Center of Fairfax, Ltd., 3020 
Hamaker Court, Fairfax, VA 22031. 





NEUROLOGIST: Excellent opportunity for board- 
certified/board-eligible neurologists to join two 
existing neurologists in a stimulating, busy practice. 
Marquette General Hospita! is a 321-bed regional 
referral center, with a comprehensive neurophysi- 
ology department and state-of-the-art technology 
that includes magnetic resonance imaging and CT 
scanning, and a hospital-based family practice 
residency. Medical students from Michigan State 
University’s College of Human Medicine are regu- 


- larly assigned to the hospital and offer an opportuni- 


ty for teaching. Marquette General Hospital and its 
medical staff are committed to building a center of 
excellence. in the neurosciences and have the 
necessary financial resources. The development of 
these services will require the leadership and co- 
operation of physicians in the field of neurology, 
neurosurgery, psychiatry, physical medicine and 
rehabilitation. Salaried and private practice posi- 
tions are available. If this special opportunity is of 
interest to you, please forward your curriculum vitae 
to: Daniel Mazzuchi, MD, Director of Physician Serv- 
ices, Marquette General Hospital, Suite 122, Wallace 
Building, 420 West Magnetic Street, Marquette, MI 
49855. 





CHARLOTTE, NORTH CAROLINA: High quality 
group of six neurologists, all of whom are subspe- 
cialized, seeks to add a well-trained neuroncologist. 
Contact: Mike Kaufman, MD, 126 Cottage Place, 
Charlotte, NC 28207; or call. (704) 334-7311, 





BE/BC NEUROLOGIST 


To join an associate neurlogy practice in south- 
central Nebraska. This opportunity comes with 
the full support of your colleages and offers 
exceptional life style and practice potential. In- 
come guarantee, relocation MP, office paid. Send 
CV or contact: Armando L. Frezza, President, 
Medica! Support Services, 8806 Balcones Club 
Drive, Austin, TX 78750. Cffice (800) 288-7420; 
FAX (512) 331-6741. 





NEUROLOGIST — Neurologist with particular 
interest in EMG and nerve conduction studies to join 
neurology section of a 25-physician internal medi- 
cine group practice. Full testing facilities available 
both in the clinical office and at the teaching hospi- 
tal. Growing area of coastal North Carolina, 250,000 
referral area. Excellent industrial base, 7,500-student 
university campus, year round sailing, golfing, ten- 
nis, fishing, and other recreational opportunities. 
internal medicine 


Chapel Hill. Full benefit package, competitive salary. 
CV to: Daniel Gottovi, MD. Wilmington Health 
Associates, P.A., 1202 Medical Center Drive, Wil- 
mington, NC 28401. 





BC/BE NEUROLOGIST to join busy neurology 
practice in southeast Virginia, South Hampton 
Roads area, near Norfolk, Williamsburg and Outer 
Banks. University affiliation available. EMG and 
sleep training desirable. Competitive salary leading 


. to partnership. Send CV to: Southeastern Neurol- 


ogy Group, Robert Hansen, MD, 1890 North Main 
Street, Suite G01, Suffolk, VA 23434. 



























































Professional Opportunities 


BC/BE NEUROLOGIST NEEDED — California. 
Excellent opportunity to establish your own privateg 
practice with no investment, guaranteed income. 
Strong referral base. Proficiency in EEG/EMG| 
required. Well equipped, 112-bed; full-service hos‘ 
pital. Our service area population is now 90,000; i 
growing area with new businesses and stable econ 
omy. Located in central California near Sequoi 
National Park. Tulare offers an excellent familyf 
oriented lifestyle and all expected amenities. Beaut 
ful homes close to hospital and office are affordabl| 
priced. Good schools, many community activitieg 
and abundant recreation including golf, tenni 
mountain and equestrian activities. Easy access ‘ 
all California's major metropolitan and resort area 
Please con-aci: Tulare District Hospital Physicial 
Recruiting Office, P.O. Box 90112, Los Angeles, C} 
90009. (800; 468-2687. 


NEUROMUSCULAR 


The Ochsner Clinic in New Orleans is 9 
seeking a fifth neurologist to join their 
department. A neurologist skilled in the 
interpretation of muscle biopsies and an q 
interest in clinical neuromuscular disease 
is ‘required. The individual should be. 
fellowship-trained in neuromuscular dis- 
ease and te board-certified or board- 
eligible in neurology. 

Please send curriculum vitae to: 

Dr. Richard Strub 
Cepartment of Neurology 


Ochsner Clinic 


7514 Jefferson Highway 
New Orleans, Louisiana 70121 








EXCELLENT OPPORTUNITY for BC/BE neurok 
gist to join 30-physician, comprehensive, mult 
specialty group in San Francisco Bay area. Larg: 
varied referrel base from pediatrics, IM, FP, arg 
surgery. EMG/NCV, EEG, evoked response testing] 
CT, MRI, radiology support all available on sits 
Opportunity to interface with specialists of a 
types including neurosurgeons. Major univer: 

teaching affiliation encouraged and possible. Clos: 
proximity to 400-bed, full service, modern hospit. 
serving population of 300,000. Competitive guaran 
teed salary with bonus productivity plan for initia 
eighteen months leading to partnership tracki 
Extensive benefit package including housing incen 
tives. Unique cultural, recreational and educatio. 15 
opportunities. Send CV to: Gary D. Zweig, Mu 
Recruitment Ghairman, Sunnyvale Medical Clini | 
P.O. Box 3496, Sunnyvale, CA 94088-3496. f 





Regional medical center for 85,000 popula-~ 
tion needs neurologist; located in beautiful | 
mountainous eastern Kentucky with state , 
parks and lakes within thirty miles. Pro-- i 
gressive community with excellent accre- 
dited school system. Active staff; sixty a 
practicing physicians. If interested, send 
CV to: Dr. John Tummons, Administrator. 


Methodist: Hospital of Kentucky 
911 South Bypass, Pikeville, KY 41501 * 


MAUI ORTHOPEDIC and Sports Medicine seeks J 
neurologist to establish independent practice. Cons 
tact: William Gfeller, 450 Hookahi Street, Wailuku, $ 
Maui, HI 96793. (80:8) 244-5541. 





NEUROLOGIST—Pediatric neurologist, bc + 
eligible/board-certified, with interest ir. : 





neurology. Send CV to: Box #812, c/o AON. 








, Southeast Coast 


PEDIATRIC 
NEUROLOGIST 


Excellent quality of life available in 

Savannah-Hilton Head area, site of the 

1986 Olympic Games sailing events. 

Outstanding recreational opportunities, 

nation's largest urban historic district, 

and superb symphony are among the 
t attractions of living here. 


į A well-trained, personable neurologist 
with special competence in child 
i, neurology is needed for a busy practice, 
‘ currently consisting of two adult neurol- 
, ogists and one neurologist doing adult 
= and child neurology, all with strong aca- 
as demic backgrounds. CT, EEG, EMG and 
| physical therapy are available in-office 
with large hospital practice available in 
€ three hospitals, including a major region- 
` al teaching hospital, affiliated with the 
_, Medical College of Georgia. First year 
f . guarantee is $80,000 plus bonus, leading 
14, to full partnership after two years. Earn- 
ings potential, availability of strong. 
-- multi-specialty support, and opportuni- 

ties for teaching are extraordinary. 

If interested contact: 
Randy Wellman, Office Manager 


Savannah 
` Neurological Associates, PC 


; P.O. Box 23059 
Savannah, GA 31403 @ (912) 354-8151 








IMMEDIATE OPENING 
= FORA 
= GENERAL 
NEUROLOGIST 


Private practice opportunity avail- 
™ able immediately in east Tennessee 
vow a well established neurologic 
“practice. 


oe should be BE/BC with 
“competence in EEG, EMG and 
evoked potentials. Compensation 
p individually negotiable. Excellent 
| benefits also included. There is a 
1 wide variety of recreational facilities 
| also available in the area. 
| 


Please submit CV to: 


pm EAST 

F > | TENNESSEE 

S a A NEUROLOGY 
| CLINIC | 

f g Suite 501 

| i B a Professional 
ak ve ala CS knoxville, TN 37920 


‘Professional Opportunities `- 


NEUROLOGIST to join dynamic, midwest neurol- 
ogy group. This very busy practice is seek ng an 
energetic neurologist with a strong interest in'the 
clinical care of patients. This opportunity is located 


in a desirable, midwestern community abundant in ~ 


cultural and sporting activities. The practice has a 
well-equipped radiology department with M3! and 
CT, and also, neurophysiology and neuropsycho!- 
ogy departments. The appropriate candidate must 
be energetic, pleasant, BC/BE, with EMG expe- 
rience. Please send curriculum vitae to: Box #814, 
c/o AON. 





NEUROLOGIST — BE/BC to join thriving p-actice 
in suburban Pittsburgh. Excellent opportunizy with 
two community hospitals. Comprehensive diagnos- 
tic laboratory facilities adjacent to main office. 
Interest in EMG/EEG desirable. Competitive salary, 
leading to partnership. Convenient to excellent 
schools and quality affordable housing. Contact: 


‘Neurologist 












The Mason City Clinic 
is a progressive 
ulti-specialty clinic in 
the Heartland. 






We are looking for a 
neurologist to join our very 
busy practice. Small-town 
security within two 
hours of Minneappolis 
and Des Moines. 
















Kelly McMahon, Daniel Stern & Associates, 211 
North Whitfield Street, Suite 240, Pittsburgh, PA 
15206. (800) 438-2476. 

















MRI, CT, sleep lab, EEG, EMG, 
neurosurgery, Cardiac surgery, 
orthopedic surgery, cancer 
center, GI lab, and ENT 
capabilities. 





GREAT REWARDS. Great location. A little af your 
time. Pacific West Medical Group, practicing in the 
San Diego area, has an immediate opening for a 
neurologist. One-three days per week; no evenings 
or weekends. Worker's Compensation evaluations 
and non-invasive treatments only. Must be board- 
certified. No medical/legal experience required; 
willing to train. For immediate consideration, call 
Paul Morrison at (714) 972-1985; or FAX/send your 
resume to: Pacific West Medical Group, 1600 North 
Broadway, 8th Floor, Santa Ana, CA 92706. FAX: 
(714) 835-4106. Equal opportunity employer. 


Excellent salary 
and benefits. 


Submit CV to: 


Ralph A. Wolf, Administrator 


300 N. Eisenhower Avenue 
Mason City, IA 50401 


(515) 423-2435 





LOS ANGELES: Downey. Great opportunity for 
BC/BE neurologist to join two overworked partners. 
Thriving, lucrative practice is in sleek office located 
in wonderful area central to all. Working environ- 
ment is a dream, with full partnership after cne year 
to right person. Position must be filled immed iately. 
Reply: Box #813, c/o AON. 


PROFESSOR ano CHAIRMAN 


Department of Neurology 
and Neurological Sciences 


‘Stanford University School of Medicine 


Stanford University School of Medicine invites nominations and 
applications for the posicon of Professor and Chairman of the ` 
Department of Neurology and Neurological Sciences. 


Candidates should hold an MD degree and should present evidence 
of scholarly accomplishment and leadership in neurology and neuro- 
logical sciences. 


Stanford University is committed to increasing zeprésentation of 
women and members of minority groups on its faculty and particu- 
larly encourages applications from such candidates. All applications 
and nominations will be considered. 


Interested individuals should contact: 


Stanley L. Schrier, MD, Chairman 
Neurology and Neurological Sciences: 
Chair Search Committee 


Stanford University School of Medicine 
Room S125A 
Stanford, California 94305-5112 
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Positions Wanted 


COMPHEALTH PROVIDES the finest iocum tenens 
(temporary physician staffing) service nationwide. 
Each CompHealth neurologist is carefully screened 
and referenced ensuring you competent, reliable 
coverage. Have your practice covered or join us and 
cover other practices. Call CompHeaith, the nation’s 
oldest and largest supplier of temporary physician 
staffing services at: (800) 326-3037 toll-free. In Utah: 
{801) 264-6400. Or write: 4021 South 700 East, Salt 
Lake City, UT 84707. 


Practices Available 


JULY 1991 —PRACTICE. Outstanding opportunity. 
$200K net probable by end of first year. Fully 
equipped neurologic institute. Only the best need 
apply. Send CV at once: Southeastern Neuro- 
science Institute, Inc., 5143 University Boulevard, 
West, Suite 3, Jacksonville, FL 32216-5939. (904) 
733-0707; FAX (904) 730-9173. 


Directors Wanted 


CHIEF OF PEDIATRIC NEUROLOGY: The Depart- 
ment of Neurology, Bowman Gray School of Medi- 
cine, Winston-Salem, North Carolina is seeking a 
Director for the Pediatric Neurology Program at the 
associate or full professor level. Successful candi- 
dates will participate in ali aspects of the Chiid 
Neurology Program including teaching, clinical, 
and research activities. Interested candidates are 
asked to send a curriculum vitae to: B. Todd Troost, 
MD, Chairman, Department of Neuroiogy, Bowman 
Gray School of Medicine, 300 South Hawthorne 
Road, Winston-Salem, NC 27103. The Bowman 
Gray School of Medicine is an equal opportunity/af- 
firmative action employer. Women and minorities 
are encouraged to apply. 








PLEASE NOTE—Address replies to box number 
ads as follows: Box number, , C/o AON, 
P.O. Box 1510, Clearwater, FL 34617. 








Fellowships 


Neurobehavior 
Fellowship 


Emory University School of Medicine 
invites applications for a one- or two- 
year fellowship in behavioral neurology, 
beginning on or after July 1, 1991. The 
fellowship will offer exposure to the 
neurology and neuropsychology of 
dementia, stroke, head injury, temporal 
lobe epilepsy, movement disorders, and 
. atypical psychiatric disorders. 




























The fellow will be encouraged to inten- 
sively participate in one of the research 
activities of the program. Current clini- 
cal research includes drug trials for 
Alzheimer’s disease, cognitive evoked 
potentials in aging and stroke, and the 
behavioral problems associated with 
temporal lobe epilepsy. Current basic 
research involves cellular neuroanat- 
omy and neurophysiology relating to 
neuronal injury. 


Please send leiter of inquiry and CV to: 


Robert C. Green, MD 
Neurobehavioral Program 
EMORY UNIVERSITY 
DEPARTMENT OF NEUROLOGY 
Wesley Woods Center 

1821 Clifton Road, NE 

Atlanta, GA 30329 

Telephone: (404) 728-6682 

An equal opportunity employer. 











Fellowships 


TWO CEREBROVASCULAR Disease Fellowships 
are available immediately for one or two years in the 
Department of Neurology, Henry Ford Hospital. 
These fellowships offer comprehensive training 
programs in pathophysiology, diagnosis and man- 


‘agement of cerebrovescular disorders, including 


migraine, within an NIH funded center for cerebro- 
vascular disease research. A Javits Junior Clinical 
investigator Fellowship is available to one competi- 
tive candidate. The department evaluates almost 
600 patients with cerebrovascular disease yearly, 
has a stroke and migraine clinic, and a clinical/clini- 
cal research, four-bed acute stroke unit. Clinical and 
basic science research opportunities available in: 
in-vivo NMR spectroscopy of human and animal 
cerebral ischemia, 133-Xenon inhalation regional 
cerebral blood flow, non-invasive carotid dopplers, 
transcranial doppler, ¢latelet function laboratory, 
HFH stroke center data bank, and experimental 
drug studies in stroke and migraine. Applicants 
should have completed an accredited neurology 
residency and be board-eligible/-certified. Salary 
commensurate with experience. Please send letter 
of inquiry to: K.M.A. Welch, MD, Chairman, or 
Steven R. Levine, MD, Director, Center for Stroke 
Research, Department of Neurology, Henry Ford 
Hospital, 2799 West Grand Boulevard, Detroit, MI 
48202-2689. Telephone: (313) 876-3396. 





PAIN FELLOWSHIP. The Pain Service in the Depart- 
ment of Neurology at Memorial Sloan-Kettering 
Cancer Center is seeking a board-eligible/board- 
certified neurologist for a pain fellowship. This is a 
one- or two-year position that offers comprehensive 
training in pain evaluation and treatment, with a 
strong emphasis on cancer pain. Fellows will partic- 
ipate in clinical investigations of neuro-oncologic 
pain syndromes and the pharmacology of opioid 
analgesics. Laboratory research opportunities 
directed at the mechanisms of opiate action and the 
molecular pharmacology of opiate receptors are 
also available. Please contact: K.M. Foley, Depart- 
ment of Neurology, Memorial Sloan-Kettering 
Cancer Center, 1275 Ycrk Avenue, New York, NY 
10021, 


FELLOWSHIP IN DIAGNOSTIC and experimental 
neuropathology. The Neuropathology Laboratory 
at The Johns Hopkins University Schoo! of Medi- 
cine has fellowship positions available as of July 1, 
1990. Qualifications include an MD degree and a 
background in clinical neurosciences or pathology. 
Applicants should senc resumes and letters of 
recommendation to: Donald L. Price, MD, Neuropa- 
thology Laboratory. The Johns Hopkins University 
School of Medicine, 50¢ Pathology Building, 800 
North Wolfe Street, Baltimore, MD 21205-2181. 
Affirmative action/equal opportunity employer. 
Because of funding requirements, applicants limited 
to US citizens/permanen: residents. 








EPILEPSY FELLOWSHIF — UPEC training suitable 
for both academic bounc and private practice. The 
University of Pittsburgh Epilepsy Center is offering 
clinical fellowships in epilepsy to physicians and 
PhDs to start July 1991. These are comprehensive 
programs to expose the {fellow to the clinical man- 
agement of patients with epilepsy. There are three 
outpatient clinics, and both outpatient and inpatient 
management of routine 2atients, pseudoseizures, 
and intractable epileptics. Fellows will read both 
scalp and depth EEG anc qualify for ABCN. UPEC 
evaluates experimental drugs, has a iarge epilepsy 
surgery program based 01 depth electrode record- 
ings and extensive computer databasing. Additional 
training in basic or clinical research Ís available. 
EO/AAE. Contact: Richard Dasheiff, MD, Director, 
UPEC, Room 625, 3515 Fifth Avenue, Pittsburgh, PA 
15213. (412) 647-6493. 





EMG/NEUROMUSCULAR DISEASE Fellowship 
available beginning July 1991 for one year at the 
Medical College of Wisconsin and affiliated hospi- 
tals (Children's Hospital, Froedtert Hospital, VA 
Medical Center, and Milwaukee County Medical 
Complex). Training opportunities include adult and 
pediatric EMG, single fibe- EMG, nerve and muscle 


_ biopsy interpretation, adult and pediatric MDA clin- 


ics, and microneurographv. Please send curriculum 
vitae and the names of three references to: Dr. Rose 
Dotson or Dr. Safwan Jaradeh in the Department of 
Neurology at Froedtert Hospital, 9200 West Wiscon- 
sin Avenue, Milwaukee, W! 53226. 


` board-certified or eligible for board-certification © ` 





- Fellowships 


FELLOWSHIP in Cerebrovascular Disease: Felloy: 
ships in cerebrovascular disease are available in tl 
Departmert of Neurology at the University of low 
Comprehensive clinical training in management. 
patients with stroke is complemented by opportur 
ties for clinical or basic research. Fellows are acti\ 
participants in patient care and collaborate in sev 
eral on-going local and multi-center clinical researc! 
studies, Candidates should be board-eligible 
-certified in neurology and be licensed to practi: 
medicine in the United States. Please send inquirie: 
to either Harold P. Adams, Jr., MD, or Jose Biller, 
MD, Division of Cerebrovascular Diseases, Depart, 
ment of Neurology, University of lowa, lowa City, 14 
§2242. Or call: (319) 356-4110. The University o 
lowa is an affirmative action/equal opportunit 
employer. Women, minorities and handicapped ar 
encouragec to apply. 

















EPILEPSY FELLOWSHIP—Immediate opeqing 
availabie for one or two year epxerience. Active clin- 
ical prog-am with emphasis on comprehensive mea 
ical and psychosocial management and clinica 
drug trials. intermediate level epilepsy monitoring 
(video and ambulatory EEG) is in place. Training ir 
EEG, EP, quantified EEG and brain mapping i: 
available. Interested applicants may apply to: Di 
Venkat Ramani, Department of Neurology, Alban 
Medical College, Albany, NY 12208. (518) 445-522; 


EMG AND NEUROMUSCULAR Disease Fellow 
ship, University of Mississippi Medical Cente 
Comprehensive fellowship in clinical neuromusct 
lar disease, electromyography (including single fibe | 
EMG), and muscle and nerve pathology for one o 
two years. The experience is based on a large MD¢ 
clinic (over 500 patients}, an active EMG faboraton, 
(700 procedures/year), and a muscle patholog: 
laboratory within the department of neurology 
Optional time in a basic science laboratory studyin~ | 
calcium and receptor mechanism in neuromuscule 
disease. Send CV and three letters of recommenda 
tion to: S.H. Subramony, MD, Department of Neu: 
rology, University of Mississippi Medical Center. 
2500 North State Street, Jackson, MS 39216-4505 
Equal opportunity employer, M/F/H/V. 








MOVEMENT DISORDERS FELLOWSHIP. Two-year ! 
clinical and laboratory postgraduate training for 
neurologists interested in Parkinson's disease anc, 
other movement disorders. Under direction of H.L | 
Kiawans, C.G. Goetz, C.M. Tanner, and C.L. Comella, 
Rush-Preebyterian-St. Luke's Medical Center. Con- 
tact: C.G. Goetz, 1727 West Harrison Street, Chi-4 
cago, IL 60612. : 


NEUROLOGICAL REHABILITATION Fellowship: 
The Department of Neurology of the University of 
California at -os Angeles offers an ongoing one- t 
and two-year fellowship for BE/BC neurologists in ~ 
neurorehabilitation starting every July. Acute inpa- ` 
tient and outpatient training within the U.C.L.A. ', 
Comprehensive Rehabilitation Program also pro- ` 
vides oppcrtunities in basic and clinical research in 
mechanisms of cognitive and motor recovery. The : 
Functional Assessment Lab offers biochemical 
studies of gait. balance and strength. The inpatient 
rehab unit at Daniel Freeman Memorial Hospital 
provides additional training. Send inquiries, CV and 
letters of recommendation to: Bruce H. Dobkin, 
MD, Professor of Neurology, UCLA School of Med- 
icine, 300 UCLA Medical Plaza, Suite 8200, Los 
Angeles, CA 90024-6975. 








Faculty Positions 





THE DEPARTMENT OF NEUROLOGY at the Uni- 
versity of Missouri-Columbia School of Medicine is- 
recruiting two pediatric neurologists. These faculty, 
members will be responsible for teaching, patient 
care, and service with academic rank and compen- ! 
sation based upon training and experience. Candi- 
dates should have a strong clinical interest in pedia. 
ric neurolcgy. interested candidates should b į 









the American Board of Psychiatry and Neurolog. 
Please contact: William J. Crowley, Jr., MD, Profe > 
sor and Chairman, UMC School of Medicine 
Department of Neurology, M741 Health Scienco: 
Center, Columbia, MO 65212. The University: of 
Missouri-Calumbia is an equal opportunity anc 
affirmative action institution. 








b 
i - Faculty Positions 


LHE DEPARTMENT OF NEUROLOGY of Loyola 
“niversity Chicago Stritch School of Medicine 
avites applications for a position at the assistant 
:rofessor level. Applicants should be board-eligible 
fr board-certified in neurology and should have 
subspecialty expertise in movement disorders and/or 
xpilepsy. Preference will be given to candidates with 
nterest in clinical research. Loyola University Chi- 
zago is an equal opportunity/affirmative action 
-mployer. Interested applicants should send their 
yurricuilum vitae to: Gastone G. Celesia, MD, 
Shairman, Department of Neurology, Loyola Uni- 
rersity Chicago, 2160 South First Avenue, Chicago, 
L 60153. 








THE DEPARTMENT OF NEUROLOGY of Loyola 
Jniversity Chicago Stritch School of Medicine 
nvites applications for a position at the assistant 
orofessor level. Applicants should be board-eligible 
or board-certified in neurology and should have 
subspecialty expertise in clinical neurophysiology. 
reference will be given to candidates with interest 
nclinical research. Loyola University Chicago is an 
2qual opportunity/affirmative action employer. Inter- 
asted applicants should send their curriculum vitae 
o: Gastone G. Celesia, MD, Chairman, Department 
>f Neurology, Loyola University Chicago, 2160 
douth First Avenue, Chicago, IL. 60153. 





kKCADEMIC CHILD NEUROLOGY — Southern 
palifornia. The division of Neurology, Childrens 
coals Los Angeles and the Department of Neu- 

ology, University of Southern California School of 
Aedicine. are seeking an academically oriented 
dediatric neurologist with laboratory based research 
nterests. The Pediatric Neurology division at CHLA 
5 one of the largest on the west coast with both 
tlinical and laboratory based research programs in 
ipilepsy, neuro-oncology, developmental neuro- 
‘iology, and AIDS. This position will provide excit- 
4g opportunities for collaboration in ongoing basic 
esearch efforts at Childrens Hospital Los Angeles 
ind USC in the neuropharmacology, neurochemis- 
ry, neuroimmunology, and molecular biology of the 
developing nervous system. This is a tenure track 
»0sIition which carries an appointment of either 
issistant or associate professor, depending upon 
he qualifications and experience of the candidate. 
30ard-eligibility or -certification in child neurology 
s required. Interested applicants should send a 
curriculum vitae and names of three references to: 
>. Carter Snead IH, MD, Chief, Division of Neurol- 
ogy, Childrens Hospital Los Angeles, P.O. Box 
+4700, Los Angeles, CA 90054-0700. Childrens 
iospital Los Angeles and the University of Southern 
valifornia are equal opportunity/affirmative action 
imployers. 





‘ACULTY POSITION-—~The Department of Neu- 
ology at the University of Massachusetts Medical 
zenter has a full-time academic faculty position 
vailable for 1991, at the assistant or associate pro- 
assor level. The position Is for a candidate with a 
lemonstrated interest and background in teaching, 
esearch and patient care. The proportion of time 
levoted to each of these activities is negotiable. 
ixperience and seniority will be taken into consid- 
‘ration. Financial arrangements are competitive 
vith other similar institutions. Reply to: David A. 
drachman, MD, Professor and Chairman, Depart- 
nent of Neurology, University of Massachusetts 
Medical Center, 55 Lake Avenue North, Worcester, 
AA 01655. 





“HE UNIVERSITY OF MISSISIPPI Medical Center 
department of Neurology invites applications for 
d0sition of assistant professor from board-certified 
ndividuals with strong research, clinical and teach- 
ng skills. Persons with expertise in neuro-oncology, 
‘ascular disease and epilepsy are especially being 
sought. Please submit a letter of intent, curriculum 
fitae, and the names of three referring physicians 
+ Dr. James J. Corbett, Chairman, Department of 
Jeurology, The University of Mississippi Medical 
kenter, Jackson, MS 39216-4505. The University of 
“essissippi is an equal opportunity employer, 
re/HAV. 
a i ta EASA 
. LEASE NOTE—Address replies to box number 
_ads as follows: Box number, , c/o AON, 
PD. Box 1510, Clearwater, FL 34617. : 








Faculty Positions ` ; 


ACADEMIC NEUROLOGIST with board-eligibility 
in EMG sought by the Departmen: of Neurology at 
The George Washington University Medical Center 
in Washington, DC. This non-tenure track, junior 
faculty position includes teaching responsibilities, 
patient care and the opportunity to develop a neuro- 
muscular/EMG program. A competitive salary. and 
excellent fringe benefits are provided. The George 
Washington University is an equal opportunity em- 
ployer. Applications will be accepted until the posi- 
tion is filled. Please send inquiries and curriculum 
vitae to: Helene A. Emsellem, MD, Acting Chair- 
man, Department of Neurology, 2150 Pennsylvania 
Avenue, NW, Suite 7-407, Washington, DC 20037. 


CHAIRMAN of the Department of Neurosensory 
Sciences—Albert Einstein Medical Center. Albert 
Einstein Medical Center, a 600-bed advanced ter- 
tiary care hospital which serves as the major teach- 
ing affiliate of Temple University School o° Medi- 
cine, is seeking a Chairman of the Department of 
Neurosensory Sciences. The successful candidate 
will be a board-certifisd neurologist whose irterests 
and background include all aspects of the slinical 
management of the naurologic pat ents, administra- 
tion of a busy neurology faculty practice anc teach- 
ing of neurology residents and medical students, as 
well as clinical research. Services provided by the 
Department of Neurosensory Sc ences include a 
comprehensive EEG laboratory, neuropsychologi- 
cal evaluation center and an advanced EMG labora- 
tory. The Department of Neurosensory Sciences is 
strongly committed to teaching. Two (2) full-time 
neurology residents for Temple University rotate 
through the departrrent, as well as residents from 
Einstein's residency program in medicine, ahysia- 
try, psychiatry and emergency medicine. Academic 
appointment at Temple University School of Medi- 
cine is commensurate with level of academic 
achievement. Please send curriculum vitae to: Robert 
G. Somers, MD, Chairman, Search Committee for 
the Department of Neurosensory Sciences Albert 
Einstein Medical Center, Klein Professiona Build- 
ing, Suite 510, York and Tabor Roads, Philadelphia, 
PA 19141. Equal opportunity emp.oyer. 


ACADEMIC NEURCLOGIST with board-eligibility 
in clinical neurophysiology is sought by The 
Department of Neurology of The George Washing- 
ton University Medical Center in Washington, DC. 
This tenure track position offers an opportunity to 
be involved in an active academic EEG/Sleep 
Laboratory and includes teaching and patient care 
activities. A competizive salary and excellent fringe 
benefits are providec. The George Washington Uni- 
. versity is an equal opportunity employer. Applica- 
tions will be accepted until the position is filled. 
Please send inquiries and curriculum vitae to: Helene 
A: Emsellem, MD, Acting Chairman, Depart- 
ment of Neurology, 2150 Pennsyivania Avenue, NW, 
Suite 7-407, Washington, DC 20037. 


THE DEPARTMENT OF NEUROLOGY at the Uni- 
versity of Louisville, School of Medicine is seeking a 
faculty member for a full-time academic appoint- 
ment. Applicant must be board-eligible in net rology 
and neurodiagnostics, preferably with a completed 
fellowship in neurophysiology anc electrodiagnos- 
tic medicine. Must be committed to educaticn both 
at the undergraduate and graduate levels. Contact: 
William H. Olson, MD, Chairman, Department of 
Neurology, University of Louisville, Louisville, KY 
40292. (502) 588-7981. EO/AAE. 











Positions Available 


NEUROLOGIST — Atlanta, Georgia: BC/BE neu- 
rologist to join existing group. Weekend cross- 
coverage, reasonable schedule: EMG, EEG and EP 
experience necessary. Competitive salary, benefits 
and early partnership. Adult neurology. Send CV 
and references to: Michael Lacey, MD, 5555 Peach- 
tree Dunwoody Road Suite 240, Atlanta, GA 30342. 


ADULT NEUROLOGIST, BC/BE to join a well 
established, growing, solo practice with cutside 
neurological coverage in the Akron, Ohic area. 
Teaching, laboratory and clinical p-actice activities. 
The very latest of facilities available at teachirg hos- 
pitais. Partnership anticipated. Salary and banefits 
competitive. A good sense of humor required. This 
is a wonderfu! oppcrtunity for the right person. 
Please send CV to: Box #811, c/o AON. 








Positions Available 


ACADEMIC POSITION AVAILABLE. Rank and 


salary dependent upon credential. Interested appli- 
cants send curriculum vitae to: Dennis Lucy, MD, 
Department of Neurology, University of Arkansas 
College of Medicine, 4301 West Markham, Little 
Rock, AR 72205. An affirmative action/equal oppor- 
tunity empioyer. 


Medical Services 


AMBULATORY 
EEG SCANNING SERVICE 


For 24-hour EEG recordings by Oxford 9000 
Systems. Same day report Upon receipt of tape. 
Call: . 


EEG Department 
DIAGNOSTIC MEDICAL LABORATORIES 
(301) 596-4331 
Room 211, 11085 Little Patuxent Parkway 

Columbia, MD 21044 





Miscellaneous 





SECOND DARTMOUTH International Conference 
on Epilepsy and The Corpus Callosum, Hanover, 
New Hampshire, August 13-17, 1991. Contact: Pro- 
fessor Alexander G. Reeves, Section of Neurology, 
Dartmouth-Hitchcock Medical Center, Hanover, NH 
03756. FAX: (603) 646-8756. Telephone: (603) 
646-7916. 


Computers/ Software 


PRACTICE MANAGEMENT, insurance billing, 
medical records, and electronic claims systems. 
American Medical Software (800) 423-8836. 


REACH 
-16,931 
NEUROLOGISTS 


If you are 
searching for 
a qualified specialist... 


We Target 
The Physician 
You Want! 


The February issue of 
the Archives of 
Neurology closes 
Monday, December 24th. 


Call us today | 
to reserve your space. 


Nétirology 


800-237-9851 
813-443-7666 
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Part I or I Course: 


- Basic Sciences 


Neuroanatomy ` Neuropathies ‘The Part II Course is- 

Neuropathology Myopathies ` - designed to prepare board 

Neurochemistry Neuromuscular Junction candidates for their oral 

Neurophysiology Neonatal Neurology 1991, ae Ara 
; ; sia: c 

Saale aneet E ediatric Neurology will be for both written and 
OTROS] i oral exams. Lectures and 

Neurogenetics Optional Day mock-oral exams will be 


Clinical Sciences 


Neuroimaging March 16 — Houston : 
N tolo mock oral exams on differen- 
setae sia i Skull Base Surgery ` tial diagnosis, treatment ' 

Neuro-op SA UNOLOBY .Cerebropontine Angle options, and complications. 
Neuroendocrinology Craniovascular Surgery ` Following each exam the 
Psychiatry . Pituitary Surgery < faculty will give a critique 
Alcohol & Substance Abuse Spinal Surgery- and answer questions. 
Neuropharmacology Neuroanesthesiology - Each participant will have an 
Sensation & Behavior Surgical Critical Care exam and critique session 


| The Osler Institute 3 
‘Neurology Boards Review Course 


January 6-11, 1991 — Los Angeles 
‘March 17-22, 1991 — Houston ` 


N ow, a specialų course for your written and oral board exams - 


OBJ ECTIVES: 


e Increase. basic science knowledge and ihical skills in neurology © HOME STUDY MATERIALS with questions and answers 
e Assist neurology residents to study efficiently 

© Prepare board candidates to take board examinations . 

è Provide practicing neurologists with a review and update 


METHODS: 


based on previous examinations 
© SEMINAR with projection slides and syllabus (Part I roves) 
è PRACTICE EXAMS with written and mock oral parts 





Headache and Pain 
_ Higher Cortical Function 


Movement Disorders 


January 12 — Los Angeles 


January Faculty 
Robert Baloh, M D. 


January 6-11 — Los Angeles Part II Course? aa. 
March 17-22.— Houston. 
Neuromuscular & Child 


Jan. 6-11 — Los Angeles 
Jan. 10-12 — Los-Angeles 


held each day. 
The three day course will be 


and observation of other ses- 
sions. Additional 25 minute 
sessions may be arranged 
for $70 and private’ sessions 


Seizures and Epilepsy Ulrich Batzdorf, M. D. may be had for an extra $30. 
Delirium and Confusion ` TOPICS 

Stupor and Coma — pai eee io, Mp, Seizures and Epilepsy 
ean aa ar ane S HA M a gi Dementia and Alzheimer’s ` 
Neurologic Diseases teve econ, PEE Cerebrovascular Diseases 
Infectious Diseases Victor Henderson, M.D. Multipie Sclerosis 


Stroke & C.S F. Disorders 
Tumors and Trauma 


Ronald C. Kim, M.D. 
Warwick Peacock, M.D.. 


Demyelinative Diseases 
< Parkinson’s, Disease 


'. Spinal’Cord and Dise : 
Demyelinative Diseases „Gary Steinberg, M.D., Ph.D; Movement Disorders 
Multiple Sclerosis Ron Tintner, M.D. Metabolic & Toxic Diseases . 

` Metabolic & Toxic Diseases Stanley vanden Noort, M.D. Infectious Diseases . 
Nupronal Deficiency “M. Anthony Verity, M.D. - Tumors and Trauma 
Parkinson’s Dieases head . 

Franklin Wagner, M.D. Neuromuscular Disorders 


. Developmental Disorders 
Sleep Disorders 


Viaenir Zelman, M.D.; Ph.D. Pediatric Neurology 


Limited Enrollment: Neurology Boards Review Registration 


Name 





Address : 





City/State/Zip — 





Phone _ 





Mail Today to: 
1094 Dawn Lane, Dept. 12 
P.O. Box.2218 


a Terre Haute, IN 47802 


Se ES NN I A SO SR SH Sen m m 


or: [_] Jan. 6-11, 1991 — Los Angeles 
C] March 17-22, 1991 — Houston 


C] Check enclosed for 
E Please send more information. 


“Accommodations were comfortable...” * 


GOALS AND LOCATION: The Part 
Course consists of lectures and evening mo 
oral exams to help you prepare for yo 
written and oral exams. The Part II Course 
all mock oral exams for three days before al 
usually in the same city as each oral exar 
The ccurse hotel will be the best availa 
mix of bargain rates and excellent stu 
environment. 


* and those little extras...” * ; 


LOWEST AIR FARES: Reliable Trav 
offers you the lowest air fare — often belo 
super-saver rates. Please call toll-fr: 
1-800-548-8185 tor our FRESIA grou 
discounts. 


“ „remarkably complete and pleasant” * 


| PLACEMENT SERVICE: For a practi 
opportunity, write or call 1-800-356-7537. 


“the mos! education for the money.” * 


FEES FOR 10 HOURS PER DAY:. 

® Neurclogists or Residents Nrol. Re 
è Part I or H Course (six days) $750 $50 
. Repeating within 3 years: $375 $37 
e Optional Day $150 $10 
è Part Il Course (three days) $480 $32 
’ Repeating within 3 years: $240 $24 
Extra mock oral exam $70 $7 
Private mock oral exam $100 $10 
Add 10% within 10 days of the course. 
Attendees not in course hotel add $20/da: 
A deposit of $50 will reserve yourpositior 
Home study materials will be mailed after 
half of the registration fee is received 


“home study materialwas extremely helpful.’ 


| REFUNDS: Subject to a $50 fee, refun 
will be made up until the seminar begins. 

Cancellations after mailing home stuc 

material requires retention of half the fee 


“I feel [the course] hepe me pass... 


| 
je 
| 
| 
| 
| INFORMATION: i 4 
| Joseph H, Selliken, Jr, M.D. 
| The Osler Institute ; 
| 1094 Dawn Lane, P.O. Box 2218 5° 
| Terre Haute, IN 47802 g 
} (800) 356-7537 or (812) ies 5658. 
Bs 


_| *Comments by past Osler participant 


'e prescribing, please see full prescribing information. A Brief Summary follows. 


SATIONS AND USAGE: Dilantin is indicated for the control of generalized tonic-clonic (grand 
and complex partial (psychomotor, temporal lobe) seizures and prevention and treatment 
zures occurring during or following neurosurgery. 
enytoin serum level determinations may be necessary for optimal dosage adjustments (see 
ge and Administration and Clinical Pharmacology). 
TRAINDICATIONS: Phenytoin is contraindicated in those patients who are hypersensitive 
enytoin or other hydantoins. 
NINGS: Abrupt withdrawal of phenytoin in epileptic patients may precipitate status 
dticus. When, in the judgment of the clinician, the need for dosage reduction, discontinu- 
, Or Substitution of alternative antiepileptic medication arises, this should be done gradually. 
ver, in the event of an allergic or hypersensitivity reaction, rapid substitution of alternative 
py may be necessary. In this case, alternative therapy should be an antiepileptic drug not 
iging to the hydantoin chemical class. 
2re have been a number of reports suggesting a relationship between phenytoin and the 
opment of lymphadenopathy (local or generalized) including benign lymph node 
‘plasia, pseudolymphoma, lymphoma, and Hodgkin's Disease. Although a cause and effect 
onship has not been established, the occurrence of lymphadenopathy indicates the need 
ferentiate such a condition from other types of lymph node pathology. Lymph node 
ement may occur with or without symptoms and signs resembling serum sickness, eg, 
rash and liver involvement. 
ill cases of lymphadenopathy, follow-up observation for an extended period is indicated and 
effort should be made to achieve seizure control using alternative antiepileptic drugs. 
Jte alcoholic intake may increase phenytoin serum levels while chronic alcoholic use may 
‘ase serum levels. 
‘iew of isolated reports associating phenytoin with exacerbation of porphyria, caution should 
ercised in using this medication in patients suffering from this disease. 
e in Pregnancy: A number of reports suggests an association between the use of 
ileptic drugs by women with epilepsy and a higher incidence of birth defects in children born 
‘se women. Data are more extensive with respect to phenytoin and phenobarbital, but these 
so the most commonly prescribed antiepileptic 
; less systematic or anecdotal reports suggest a 
ble similar association with the use of all known 
dileptic drugs. 
3 reports suggesting a higher incidence of birth 
ts in children of drug-treated epileptic women 
dt be regarded as adequate to prove a definite 
2 and effect relationship. There are intrinsic 
odological problems in obtaining adequate data 
ug teratogenicity in humans; genetic factors or 
dileptic condition itself may be more important 
irug therapy in leading to birth defects. The great 
‘ity of mothers on antiepileptic medication deliver 
al infants. It is important to note that antiepileptic drugs should not be discontinued in 
ts in whom the drug is administered to prevent major seizures, because of the strong 
ility of precipitating status epilepticus with attendant hypoxia and threat to life. In individual 
where the severity and frequency of the seizure disorder are such that the removal of 
ation does not pose a serious threat to the patient, discontinuation of the drug may be 
ered prior to and during pregnancy, although it cannot be said with any confidence that 
inor seizures do not pose some hazard to the developing embryo or fetus. The prescribing 
jan will wish to weigh these considerations in treating or counseling epileptic women of 
earing potential. 
dition to the reports of increased incidence of congenital malformation, such as cleft 
e and heart malformations, in children of women receiving phenytoin and other antiepileptic 
ere have more recently been reports of a fetal hydantoin syndrome. This consists of prenatal 
deficiency, microcephaly and mental deficiency in children born to mothers who have 
d phenytoin, barbiturates, alcohol, or trimethadione. However, these features are all 
lated and are frequently associated with intrauterine growth retardation from other causes. 
e have been isolated reports of malignancies, including neuroblastoma, in children whose 
s received phenytoin during pregnancy. 
Crease in seizure frequency during pregnancy occurs in a high proportion of patients, 
e of altered phenytoin absorption or metabolism. Periodic measurement of serum 
oin levels is particularly valuable in the management of a pregnant epileptic patient as a 
ito an appropriate adjustment of dosage. However, postpartum restoration of the original 
e will probably be indicated. 
natal coagulation defects have been reported within the first 24 hours in babies born to 
ic mothers receiving phenobarbital and/or phenytoin. Vitamin K has been shown to prevent 
ct this defect and has been recommended to be given to the mother before delivery and 
neonate after birth. 
UTIONS: General: The liver is the chief site of biotransformation of phenytoin; patients 
paired liver function, elderly patients, or those who are gravely ill may show early signs 
ity. 
all percentage of individuals who have been treated with phenytoin has been shown to 
lize the drug slowly. Slow metabolism may be due to limited enzyme availability and lack 
tion; it appears to be genetically determined. 
oin should be discontinued if a skin rash appears (see “Warnings” section regarding drug 
uation). If the rash is exfoliative, purpuric, or bullous or if lupus erythematosus, Stevens- 
syndrome, or toxic epidermal necrolysis is suspected, use of this drug should not be 
and alternative therapy should be considered. (See Adverse Reactions.) If the rash is 
er type (measles-like or scarlatiniform), therapy may be resumed after the rash has 
ely disappeared. If the rash recurs upon reinstitution of therapy, further phenytoin 
ion is contraindicated. 
oin and other hydantoins are contraindicated in patients who have experienced 
hypersensitivity. Additionally, caution should be exercised if using structurally similar 
urates, succinimides, oxazolidinediones and other related compounds) in these same 


Dilantin 
































lycemia, resulting from the drug's inhibitory effects on insulin release, has been 
Phenytoin may also raise the serum glucose level in diabetic patients. 

alacia has been associated with phenytoin therapy and is considered to be due to 
's interference with Vitamin D metabolism. 

in is not indicated for seizures due to hypoglycemic or other metabolic causes. 
ite diagnostic procedures should be performed as indicated. 

oin is not effective for absence (petit mal) seizures. If tonic-clonic (grand mal) and 
petit mal) seizures are present, combined drug therapy is needed. 

levels of phenytoin sustained above the optimal range may produce confusional states 


Kapseals 


(extended phenytoin sodium capsules, USP) 


UYSIUNLUUTT, ALLUTUIIYLY, AL UIE HISt SIYTT UT ALULE LUAILILY, piada IEVEIS die FECUITNTENUEU. UUSE 
reduction of phenytoin therapy is indicated if plasma levels are excessive; if symptoms persist, 
termination is recommended. (See Warnings.) 

Information for Patients: Patients taking phenytoin should be advised of the importance of 
adhering strictly to the prescribed dosage regimen, and of informing the physician of any clinical 
condition in which itis not possible to take the drug orally as prescribed, eg, surgery, etc. 

Patients should also be cautioned on the use of other drugs or alcoholic beverages without first 
seeking the physician's advice. 

Patients should be instructed to call their physician if skin rash develops. 

The importance of good dental hygiene should be stressed in order to minimize the 
development of gingival hyperplasia and its complications. 

Do not use capsules which are discolored. 

Laboratory Tests: Phenytoin serum level determinations may be necessary to achieve optimal 
dosage adjustments. 

Drug Interactions: There are many drugs which may increase or decrease phenytoin levels or 
which phenytoin may affect. Serum level determinations for phenytoin are especially helpful 
when possible drug interactions are suspected. The most commonly occurring drug interactions 
are listed below: 1. Drugs which may increase phenytoin serum levels include: acute alcohol 
intake, amiodarone, chloramphenicol, chlordiazepoxide, diazepam, dicumarol, disulfiram, 
estrogens, H>-antagonists, halothane, isoniazid, methylphenidate, phenothiazines, 
phenylbutazone, salicylates, succinimides, sulfonamides, tolbutamide, trazodone. 

2. Drugs which may decrease phenytoin levels include: carbamazepine, chronic alcohol abuse, 
reserpine, and sucralfate. Moban® brand of molindone hydrochloride contains calcium ions 
which interfere with the absorption of phenytoin. Ingestion times of phenytoin and antacid 
preparations containing calcium should be staggered in patients with low serum phenytoin levels 
to prevent absorption problems. 

3. Drugs which may either increase or decrease phenytoin serum levels include: phenobarbital, 
sodium valproate, and valproic acid. Similarly, the effect of phenytoin on phenobarbital, valproic 
acid, and sodium valproate serum levels is unpredictable. 

4. Although not a true drug interaction, tricyclic antidepressants may precipitate seizures in 
susceptible patients and phenytoin dosage may need to be adjusted. 

5. Drugs whose efficacy is impaired by phenytoin 
include: corticosteroids, coumarin anticoagulants, 
digitoxin, doxycycline, estrogens, furosemide, oral 
contraceptives, quinidine, rifampin, theophylline, 
vitamin D. 

Drug/Laboratory Test Interactions: Phenytoin may 
cause decreased serum levels of protein-bound iodine 
(PBI). It may also produce lower than normal values for 
dexamethasone or metyrapone tests. Phenytoin may 
Cause increased serum levels of glucose, alkaline phos- 
phatase, and gamma glutamyl transpeptidase (GGT). 
Carcinogenesis: See “Warnings” section for informa- 
tion on carcinogenesis. 

Pregnancy: See Warnings. 

Nursing Mothers: Infant breast-feeding is not recommended for women taking this drug because 
phenytoin appears to be secreted in low concentrations in human milk. 

ADVERSE REACTIONS: Central Nervous System: The most common manifestations encountered 
with phenytoin therapy are referable to this system and are usually dose-related. These include 
nystagmus, ataxia, slurred speech, decreased coordination and mental confusion. Dizziness, 
insomnia, transient nervousness, motor twitchings, and headaches have also been observed. There 
have also been rare reports of phenytoin induced dyskinesias, including chorea, dystonia, tremor 
and asterixis, similar to those induced by phenothiazine and other neuroleptic drugs. 

A predominantly sensory peripheral polyneuropathy has beén observed in patients receiving 
long-term phenytoin therapy. 

Gastrointestinal System: Nausea, vomiting, constipation, toxic hepatitis and liver damage. 
Integumentary System: Dermatological manifestations sometimes accompanied by fever have 
included scarlatiniform or morbilliform rashes. A morbilliform rash (measles-like) is the most 
common, other types of dermatitis are seen more rarely. Other more serious forms which may 
be fatal have included bullous, exfoliative or purpuric dermatitis, lupus erythematosus, Stevens- 
Johnson syndrome, and toxic epidermal necrolysis (see Precautions). 

Hemopoietic System: Hemopoietic complications, some fatal, have occasionally been reported 
in association with administration of phenytoin. These have included thrombocytopenia, leuko- 
penia, granulocytopenia, agranulocytosis, and pancytopenia with or without bone marrow sup- 
pression. While macrocytosis and megaloblastic anemia have occurred, these conditions usually 
respond to folic acid therapy. Lymphadenopathy including benign lymph node hyperplasia, pseu- 
dolymphoma, lymphoma, and Hodgkin's Disease have been reported (see Warnings). 
Connective Tissue System: Coarsening of the facial features, enlargement of the lips, gingival 
hyperplasia, hypertrichosis, and Peyronie's Disease. 

Cardiovascular: Periarteritis nodosa. 

Immunologic: Hypersensitivity syndrome (which may include, but is not limited to, symptoms 
such as arthralgias, eosinophilia, fever, liver dysfunction, lymphadenopathy or rash), systemic 
lupus erythematosus, immunoglobulin abnormalities. 

OVERDOSAGE: The lethal dose in children is not known. The lethal dose in adults is estimated 
to be 2 to 5 grams. The initial symptoms are nystagmus, ataxia, and dysarthria. Other signs are 
tremor, hyperreflexia, lethargy, slurred speech, nausea, vomiting. The patient may become 
comatose and hypotensive. Death is due to respiratory and circulatory depression. 

There are marked variations among individuals with respect to phenytoin plasma levels where 
toxicity may occur. Nystagmus, on lateral gaze, usually appears at 20 mcg/mL, ataxia at 30 
mcg/mL, dysarthria and lethargy appear when the plasma concentration is over 40 mcg/mL, but 
as high a concentration as 50 mcg/mL has been reported without evidence of toxicity. As much 
as 25 times the therapeutic dose has been taken to result in a serum concentration over 100 
mcg/mL with complete recovery. 

Treatment: Treatment is nonspecific since there is no known antidote. 

The adequacy of the respiratory and circulatory systems should be carefully observed and 
appropriate supportive measures employed. Hemodialysis can be considered since phenytoin 
is not completely bound to plasma proteins. Total exchange transfusion has been used in the 
treatment of severe intoxication in children. 


In acute overdosage the possibility of other CNS depressants, including alcohol, should be l 


borne in mind. 

Caution — Federal law prohibits dispensing without prescription. 0362G028 
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As rare as a seizure on 
Dila | extended phenytoin sodium capsules, USP) 100 mg 


“Once in a blue moon” describes the phenomenon in which 
the moon appears as a brilliant blue. Seen worldwide following 
the volcanic eruption of Krakatoa in 1883, the blue moon occurs 
only when atmospheric cloud droplets, each less than 5 um in 
diameter, form in abundance—an exceedingly rare event3 
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For as many as 86% of patients, sei- 
zures occur only once in a blue moon— 
if at all—once Dilantin monotherapy 
is under way: 


That fact holds true for partial, 
complex partial, generalized tonic- 
clonic seizures, and status epilepticus. 


And it’s achieved without significant 
cognitive impairment at therapeutic 
drug levels (10 to 20 ug/mL),? often with 
once-daily therapy (Dilantin® Kapseals”), 
which enhances compliance. 


What you demand, Dilantin does— 
for millions of patients every day. 


That’s why Dilantin remains a drug 
of choice. 


And that’s why most patients on 
Dilantin will wait a long, long time to 
see another seizure. 


Dilantin 
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